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Frontispiece. NRZ! Formatter With Emulator. 


SECTION 1 
GENERAL DESCRIPTION 


1.1 SCOPE 


This manual describes operation and maintenance of the Model 511 Non-Return-to-Zero (NRZI) 
Magnetic Tape Formatter with P-type Emulator manufactured by WANGCO, Incorporated. The 
NRZI Formatter simplifies interfacing of magnetic tape units with digital computers. This manual 
is divided into the following six sections: 


@ Section 1: ' General Description 
@ Section 2: Installation and Interfacing 
@ Section 3: Operating Instructions 
@ Section 4: Theory of Operation 
@ Section 5: Maintenance and Troubleshooting 
@ Section 6: Logic Data 
1.2 INTRODUCTION 


The Model 511 NRZI Formatter (ref. Frontispiece) allows writing and reading of IBM- or ANSI- 
compatible 9-track or 7-track magnetic tapes. Nine-track data density is standard at 800 bits per 
inch (BPI), and 7-track data density is selectable at 200, 556, or 800 BPI. 


Throughout this manual all references to BP| 
is intended to relate directly to bits per 2.54 


centimeters (cm). 


1.2.1 FUNCTIONAL DESCRIPTION 


Formatter control enables automatic performance of all major tape-unit operations and makes 
possible individual selection and operation of up to four daisy-chained Tape Units in a series 
parallel configuration. Tape Units for use with the Model 511 NRZI Formatter can be a mixture 
of any of the following configurations: 


A. Seven-track or 9-track format 
8. Any of two tape speeds (7-track) 
C. Read/Write (single-stack) or Read-After-Write (dual-stack) head. 
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1.2.1.1 Control Functions. The 511 NRZI Formatter provides the following control functions: 


A. Tape Unit motion control. 
B. Cyclic Redundancy Check Character (CRCC) generation and checking. 
C. Longitudinal Redundancy Check Character (LRCC) generation and checking. 
D. Vertical Redundancy Check (VRC) generation and checking. 
E. Inter-Record Gap {IRG) generation. 
F. !IBM-compatible file mark generation. 
G. Status reporting of pertinent operational modes. 
1.2.1.2 Timing. All critical clock and delay times are derived from a crystal-controlled 


oscillator; no single-shot multivibrators are used, and no calibrations or potentiometer adjustments 


are required in the Formatter or in the Emulator. 


1.2.1.3 Emulator. The Emulator, mounted on the rear of the Formatter enclosure, provides a 
compatible interface between a Controller that uses a Pertec Input/Output (I/O) format and the 
standard WANGCO 1/O format. This allows replacement of a standard Pertec NRZI Formatter 
with a WANGCO NRZI Formatter by using the existing Controller; however, the following three 
functions that are available with the Pertec Formatter are not available with the modified 
WANGCO Formatter: 


A. No variable Erase function (only fixed Erase function). 
B. No Edit function. 
C. No external Write parity generation option. Parity for the Write function is 


generated by the Formatter. 


1.2.1.4 Tape Speed. The Model 511 NRZI Formatter is compatible within the entire tape- 
speed range of 12.5 to 112.5 inches per second (ips) or 31.75 to 285.75cm/sec without change 

of crystals. Frequencies needed for tape speed are selectable by means of jumpers which can be 
changed in the field. 

1.2.1.5 Additional Features. The Model 511 NRZI Formatter provides the following additional 


features: 


A. Continuous Read or Write (On-the-Fly) operations at maximum tape speed 
without stopping in the IRG. 
B. Writes and reads |BM-compatible file marks in 7-track or 9-track formats. 


Special low-threshold data recovery circuit. 
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1.2.2 CONTROLS AND INDICATOR LAMPS 


The following controls and indicator lamps are provided on the operator contro! panel (OCP) at 


the front of the Formatter (see frontispiece) : 


A. Slide switches allow any of the Tape Units (arbitrarily assigned letters of A, B, 
C, and D) to be assigned any of four possible addresses (0, 1, 2, or 3). 

B. Lamp indication when Formatter is selected by the Computer. 

C. Lamp indication of Tape Unit selected by the Computer. 

D. Lamp indication of high or low density selection (7-track Tape Units; or for 
Tape Units with Remote Density option, the lamps indicate PE or NRZI 
selections respectively). 

Lamp indication of odd or even parity selection (7-track Tape Units only). 
Remote or Manual control for density and parity selection (7-track Tape Units 
only; 9-track Tape Units are always 800 BPI and odd parity). 


G. _Itluminated pushbutton power switch. 
1.3 PHYSICAL DESCRIPTION 
1.3.1 MOUNTING 


The Formatter mounts in a standard 19-inch (48.26cm) E!A or RETMA equipment rack. The front 
panel is 5.25 inches (13.335cm) high, hinged at the left side, and secured by a 1/4-turn latch. 
Opening the front panel provides easy access for removal of the printed wiring board (PWB) 
assemblies. Formatter depth is 21.5 inches (54.61cm), but an additional two inches should be 
allowed for an input/output (1/O) cable service loop. The Formatter weighs approximately 25 
pounds (11.33975kg). 


1.3.2 CONNECTIONS 


Cable connections are made at the rear of the Formatter, using circuit-board-edge connectors on 
which circuit-board-type cable terminators are connected. The connector for interfacing the 
Formatter with the customer-furnished Controller and the complete |/O cable assembly for Tape 
Unit-Formatter interface are provided as standard equipment, but the daisy-chain cable assembly 
is optional. 
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1.3.3 SERVICE ACCESS 


Removal of pan-head screws from the top and bottom covers releases the covers and affords easy 


access to components on the PWB assemblies. 
1.4 SPECIFICATIONS 
Specifications for the WANGCO Model 511 NRZI Formatter are listed in Table 1-1. 


TABLE 1-1. Model 511 NRZI Magnetic Tape 
Formatter Specifications (continued) 


GENERAL 


Tape Speed: 12.5 to 112.5 ips (31.75 to 285.75 cmps) with single 
crystal. Continuous Read or Write if desired (no stop 
in (RG). 


Inter- Record Gap — 
9-Track: 


0.6-inch (15.24 mm) nominal, 
0.54-inch (13.716 mm) minimum. 
0.75-inch (19.05 mm). 


Silicon semiconductors 


7-Track: 
Circuitry: 


Interface Voltages — 


Low: 0.0 +0.4V Compatible with DTL 900 Series 
High: 3.9 +1.5V or TTL 7400 Series 
Tape Format Compatibility — 
9-Track: 800 BPI | : 
7-Track: 200, 556, or 800 BP! | *NSI- or IBM-compatible 
Magnetic Tape Units per 
Formatter: Up to 4 (in daisy-chain configuration). Tape Units may 


be mixed; and 2 speeds (7-track only), single-stack or 
dual-stack head. Switchable assignment of Tape Units to 
Computer (by number) without changing electrical 
connectors. 


Tape motion, generation of CRCC, LRCC, VRC, IRG 
and IBM-compatible file marks. 


Functions Controlled: 


Lamp Indications: Power on; Formatter selected; Tape Unit selection; 


density selection; parity selection. 


Remote/Manual Selection: Switch allows remote or manual control for density and 


parity selection. 


TABLE 1-1. Model 511 NRZI Magnetic Tape 
Formatter Specifications (concluded) 


PHYSICAL 


Dimensions — 
Height: 5.25 inches (13.335 cm). 
Width: 19 inches (48.26 cm). 
Depth: 21.5 inches (54.61 cm). 
Approximate Weight: 25 pounds (11.34 kg). 


Mounting: 3 vertical spaces in standard 19-inch (48.26 cm) EIA or 
RETMA equipment rack. 

Power: 110, 115, 120, 125, 220, 230, 240 or 250 VAC +10% 
(selectable by transformer tap). 100 or 200 VAC +10% 
available as special option. 1GOW maximum, 48—62 Hz. 


ENVIRONMENTAL 


Operating Temperature: 0 to 50° C (32 to 122° F). 

Storage Temperature: —40 to +75° C (—40 to +167° F). 
Altitude: Sea level to 20,000 feet (6097.5 meters). 
Relative Humidity: 10 to 95% (noncondensing). 
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SECTION 2 


INSTALLATION AND INTERFACING 


2.1 GENERAL 


This section provides information for unpacking, inspecting, installing, and interfacing the 
WANGCO Model 511 NRZI Magnetic Tape Formatter. 


2.2 UNPACKING AND INSPECTION 


Use the following procedure when unpacking and inspecting the Formatter: 


A. 


Remove contents of shipping container and inspect for in-transit damage. If 
damage is evident, notify the carrier and the manufacturer. Specify nature and 
extent of damage. 

Verify contents of shipping container agree with shipping list. Notify a WANGCO 
representative if there are any shortages. 

Verify that Formatter model designation and serial number agree with those on 
the shipping invoice. 

Open the front panel of the Formatter by turning the 1/4-turn latch at the right 
side, then use the white nylon card extractors attached to each side of each 


major assembly board and remove the boards. 


Circuit board components are reference desig- 
nated by means of a coordinate system, with 
letters at the left side of the board and numerals 


across the top. 


Inspect major assemblies for loose hardware. Tighten hardware where necessary. 
When reinserting the circuit boards, verify they are firmly seated in the rear 
panel sockets; otherwise the front panel cannot close nor can the Formatter 


operate properly. 


2.3 MOUNTING 


A small packet of mounting hardware that contains the 10-32 Phillips-head screws, metal grommets, 
and nylon chafing guards is included with each NRZI Formatter. The Formatter is rack mounted 
by aligning its four mounting holes with four threaded mounting holes in the rack and securing it 


with the mounting hardware. 
2.4 ACCESS 


The front panel of the Formatter is hinged on the left side. During installation, provision should be 
made for at least 18 inches (45.72cm) of front-panel clearance to allow circuit board removal and 
access for other maintenance purposes. Access space should also be provided at the rear of the 


Formatter for servicing and cable interconnections shown in Figure 2-1. 
2.5 COOLING 


A fan within the Formatter provides all necessary cooling; however, airflow restriction about the 
sides and the perforated top and bottom covers should be avoided. The fan is at the left front of 
the Formatter (ref. figure 2-1) and directs air back across the power supply. The air then flows to 


the right, across the circuit boards, and exits primarily from the top and rear of he Formatter. 
2.6 CABLING 


A diagram of NRZI Formatter cabling configuration is shown in Figure 2-2. The following three 


cables are essential for system operation: 


A. Power cable. 
B. 1t/O cable (Formatter-to-Tape Unit). 
C. I/O cable (Formatter-to-Controller). 
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Figure 2-1. Formatter, Rear View 
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0 CABLE FROM] FORMATTER TO MAGNETIC TAPE UNIT (MTU). 


1/0 CABLE FROM FORMATTER TO COMPUTER ADAPTER (CONTROLLER) 
1S CUSTOMER FABRICATED (SEE TEXT). 


DAISY CHAIN CABLING OF TAPE UNITS (OPTIONAL 
CONFIGURATION: CABLES AND CONNECTOR ADAPTERS 
SHOULD BE PURCHASED WITH TAPE UNITS). 


TERMINATION CONNECTORS (SUPPLIED WITH TAPE UNIT). 


2.6.1 POWER CABLE 


A three-pin power cable, terminated in a three-pin plug (one pin is ground), is an integral part of 
the Formatter. The power source must be located within the eight-foot (2.4384m) length of the 
cable. The power-cable plug and power-cable terminal-board cover are labled with the AC voltage 
required for proper operation of the Formatter. Power transformer terminals are internally strapped 
at the factory, as specified by purchase order (ref. table 1-1 for power options). A decal on the rear 
left side of the Formatter chassis shows transformer strapping connections for various power 


BEFORE CONNECTING THE AC LINE PLUG 
ON THE FORMATTER POWER CABLE TO 
THE POWER SOURCE, VERIFY THAT 
SOURCE VOLTAGE CONFORMS TO THAT 
SPECIFIED ON THE DECAL ATTACHED TO 
THE FORMATTER REAR PANEL. 


configurations. 


2.6.2 1/0 CABLE (FORMATTER-TO-TAPE UNIT) 


This I/O cable is supplied with the Formatter. It is five feet (1.524m) long, and consists of a ribbon- 
type twisted pair, terminated on the Formatter end in a 100-pin circuit-board-edge connector 
(P102). From P102, the cable is split into three separate cables, each terminated in a 36-pin circuit- 
board-edge connector (P1, P6, and P16) for hookup with corresponding connectors on the 
associated Tape Unit When making system installation, Formatter and Tape Unit must not be 
separated by a distance greater than the length of this cable (ref. figures 2-1 and 2-2). 


The three connectors on the Tape Unit end of MTU Cable Assembly 201336 must be attached to 
the Tape Unit in accordance with the following procedure: 


DO NOT DEVIATE FROM THIS PROCEDURE 


OR EQUIPMENT DAMAGE MAY RESULT. 


A. Connector P16 connects to jack J16. Verify that pin A (stamped on the con- 
nector) of P16 mates with pin A (etched finger) of J16 on the circuit board. 
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B. Connector P6 connects to jack J6. Verify that pin A of P6 mates with pin A of 
J6. 
C. Connector P1 connects to jack J1. Verify that pin A of P1 mates with pin A of 


J1, 


If Tape Units are to be daisy-chained, total 
length of interconnecting I/O cables must not 
exceed 20 feet (6.096 m). The daisy-chain 
configuration requires the use of special 
connectors and additional cables for the Tape 
Units which should be ordered when Tape Units 


are purchased. 


Two terminators (Control/Write) are supplied 
with each WANGCO Tape Unit. These term- 
inators must be installed in the last Tape Unit 
in the daisy-chain. Termination for the Read 


lines is incorporated within the Formatter. 
2.6.3 1/0 CABLE (FORMATTER-TO-CONTROLLER) 


This 1/0 cable is customer-fabricated, and uses the supplied 100-pin circuit-board-edge connector 
P101. Its length should not exceed 6 feet (1.83m), and it should be made of 22-26 AWG twisted- 
pair wires. Each twisted pair should have at least one twist per inch and a minimum insulation 
thickness of 0.01-inch (0.254mm). The ground wire of each twisted pair should be connected to 
ground as close to the origin or destination of the signal as possible (within six inches (15.24cm) 


maximum) to minimize ground-loop currents or cross-talk effects. 


if two Formatters are daisy-chained to the 
Controller, neither 1/O cable length should 
exceed six feet (1.83m). 
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2.7 INTERFACING 


The following information is necessary to provide correct interfacing between the Formatter, 


Controller, and Tape Units. 
2.7.1 LOGIC LEVELS 


The following two logic levels are used in the Formatter interface: 


Low level — 0.0+0.4 VDC 
High level — +3.9 +1.5 VDC 


Throughout this manual, a bar over a logic 
term (e.g., BOT) indicates the term is at a 
low level when active. Conversely, a term 
with no bar (e.g., RDS) is at a high level 


when active. 
2.7.2 CABLE DRIVERS AND RECEIVERS 


The cable drivers and receivers of the Formatter are shown in Figure 2-3. Observe that, with a 
high-level logic input, the configuration of the cable termination presents the equivalent of an 


open circuit to the Formatter. 


2.7.2.1 Output Signals. All output signals from the Formatter are generated by low-active, 
open-collector integrated circuits capable of sinking 25 milliamperes (mA). This allows the For- 


matter output signals to be terminated to +5 Volts with resistors. 


2.7.2.2 Input Signals. All input signals to the Formatter should be generated by drivers 
capable of sinking 30 mA when at the low-active level. These drivers need not supply any current 
when at the high level because resistor terminations are supplied at the receivers of the Formatter. 


The drivers need not be open-collector types either, because no wired OR input functions are used. 
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2.7.3 FORMATTER-TO-TAPE UNIT INTERFACE 


Table 2-1 lists the Formatter-to-Tape Unit I/O cable interface pin assignments. Terms under bars 
are low (OV) when active; terms without bars are high (+5V) when active. There are 24 signal lines 


from the Formatter to the Tape Unit which are grouped into three functional categories: 


A. Address 
B. Control 
C. Write Data 


2.7.3.1 Tape Unit Address. Four lines, SLCTA through SLCTD, are used to select Tape Units 
0, 1, 2, or 3, respectively, when the Unit Select switches are arbitrarily set to A=O, B=1, C=2, and 

D=3. Each of these four lines is gated with the Formatter address signal to select one of the daisy- 
chained Tape Units. The Formatter decodes the S1 and S2 address lines from the Controller for 


this operation. 
2.7.3.2 Control 


Ten Control lines, SFC through WARS (ref. paragraphs 2.7.3.2.1 through 2.7.3.2.10) activate the 
selected Tape Unit when it is READY and ON LINE. 


2.7.3.2.1_ SFC — Synchronous Forward Command. A level which when low, causes the selected 
Tape Unit to ramp up to speed and drive forward at the rated speed. When switched to the high 
level, the Tape Unit ramps down to halt. 

2.7.3.2.2 SRC— Synchronous Reverse Command. A level which when low, causes the selected 
Tape Unit to ramp up to speed and drive at the rated speed in the reverse direction. When switched 
to the high level, the Tape Unit ramps down to a hait. 


2.7.3.2.3 RWC — Rewind Command. A negative-going pulse which causes the selected Tape 
Unit to rewind to the load point. 


2.7.3.2.4 OFC — Off-Line Command. A negative-going pulse which causes the selected Tape 


Unit to revert to manual control. The Tape Unit must then be manually placed ON LINE before 


it can again be operated under remote control. 
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TABLE 2-1. Formatter/Tape Unit !/O Cable Interface 


Formatter to Tape Unit 


Tape Unit Address 


J 
| 


7 TRACK/9 TRACK 
DDI 


Write Data 
Strobe 
Read Data 


Read Data 
Strobe 


Write Data 


OFC can be transmitted to a Tape Unit that is 
rewinding, even though the Tape Unit status 
indicates NOT READY. 


2.7.3.2.5 SWS — Set Write Status. A level which when low, sets the selected Tape Unit from 
the Write mode to the Read mode within 20 microseconds if any of the following conditions 
occur: an SFC, SRC, RWC, or ORC signal is received, the Tape Unit is manually switched to 


Off-Line, or interlock is lost. The Read mode is maintained until the next SFC or SRC is initiated. 


2.7.3.2.6 OVW— Overwrite. The OVW signal is a level which causes the Tape Unit Write current 
enable/disable to ramp on and off to minimize rate of change of recorded inter-block gap magnetism 
when rewriting a record in the Edit mode. This signal level also causes the Write current and DC 
Erase Head current to be turned off immediately after rewriting the new record to prohibit erasing 


the beginning of the next record (ref. paragraph 2.7.3.2.10). 


2.7.3.2.7 DDS — Density Select Line. This signal is used to select the packing density on 7-track 
Tape Units or to select NRZI Data Electronics on Tape Units equipped for dual-density operation. 
Low = High Density Selected (or PE), High = Low Density Selected (or NRZI). 


2.7.3.2.8 | THR1— Read Threshold 1. A level which when low, provides a high-threshold Read 


mode for marginal checking of written records on a Tape Unit that has a single-stack (Read/Write) 


head. This operation is usually accomplished by backspacing over a newly written record and then 


reading forward in the high-threshold Read mode to perform a parity check. 


2.7.3.2.9 | THR2-— Read Threshold 2. A level which when low, provides an extra low threshold 


(on Tape Units appropriately equipped) for recovery of very-low-quality signals. 


2.7.3.2.10 WARS — Write Amplifiers Reset. This signal controls the early turn-off of the Write 
and Erase currents after rewriting a record in the Edit mode (ref. paragraph 2.7.3.2.6). The 
negative-going transition of this signal initiates the Write/Erase current turn-off. This signal also 
generates the LRCC. 
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2.7.3.3 Write Data 


Write Data signals (WDP and WDO through WD7) are sent to the selected Tape Unit along with 
timing signals of the Write Data Strobe (WDS) pulses and in conjunction with the appropriate 


control signals. One Write Data line is provided for each Write Data bit ina tape character. 


2.7.3.3.1 WDS — Write Data Strobe. This is a clock signal which provides the necessary timing 
for the selected Tape Unit to copy the Write Data (WDP and WDO through WD7). The Write Data 
levels must be static during WDS. The positive-going transition (trailing edge) of the WDS pulse 

is used to clock the Write flip-flops in the Tape Unit. The clock rate is at the character rate for 
NR2ZI. 


2.7.3.3.2 WDP, WDO Through WD7 — Write Data. WDP is the odd parity bit, WDO is the most 
significant bit in 9-track format, WD2 is the most significant bit in 7-track format, and WD? is the 
least significant bit in both 7-track and 9-track formats. WDO and WD1 are not used in 7-track 
format. These Write Data signals are presented to the selected Tape Unit along with the WDS clock 
strobe pulse. The Write Data is presented in logic-level form wherein Low = logic 1 and High = 


logic O. 
2.7.4 TAPE UNIT-TO-FORMATTER INTERFACE 


Tape Unit-to-Formatter I/O cable interface pin assignrrents are also shown in Figure 2-4. Terms 
under bars are low (OV) when active, terms without bars are high (+5V) when active. There are 
up to 21 signal lines from the Tape Unit to the Formatter, which are grouped into two functional 


categories: 
A. Tape Unit status information. 
B. Read Data bits transfer. 
2.7.4.1 Status 


Eleven lines (ref. paragraphs 2.7.4.1.1 through 2.7.4.1.11) to the Formatter indicate the status 
of the Tape Unit. 
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2.7.4.1.1 RDY — Ready. A level which is low only when the Tape Unit meets the following 
conditions: 


A. Initial load or rewind to load point (BOT) sequence has been completed. 
B. Tape Unit is not rewinding. 
C. On Line (ONL) status signal is low. 


A Tape Unit will go NOT READY for approxi- 
mately 0.5-second after reversing into Load 
Point, and does not go READY until approxi- 
mately 0.5-second after termination of a 


Rewind. 


2.7.4.1.2 ONL — On Line. A level which when low, indicates the selected Tape Unit is On 


Line and under remote control. 


2.7.4.1.3 RWD — Rewind. A level which is low while the selected Tape Unit is rewinding. The 
level remains low until the Tape Unit completes the return-to-load-point sequence. The Tape Unit 


becomes Ready approximately 0.5-second after the RWD signal terminates. 


2.7.4.1.4  FPT — File Protect. A low level on this line indicates no Write Enable ring is installed 
on the supply (file) reel of the selected Tape Unit. 


2.7.4.1.5 | LDP — Load Point. A level which is low when the Beginning of Tape (BOT) reflector 


on the tape in the selected Tape Unit is under the photo sensor, and the initial load or rewind 


Load Point is the same as BOT. 


sequence is completed. 


2.7.4.1.6 EOT — End of Tape. A low level on this line indicates the selected Tape Unit is 
sensing the reflective marker at the end of the tape. This signal is not static and neither the 


positive-going nor negative-going transition is clean. 


2-13 


2.7.4.1.7, NRZ/PE — Non Return to Zero/Phase Encoded. A level which indicates the type of 
Tape Unit selected: low is NRZ, high is PE. 


2.7.4.1.8 SINGLE/DUAL — Head Stack. A level which indicates the type of head in the 
selected Tape Unit: low is single-stack (Read/Write), high is dual-stack (Read-After-Write). 


2.7.4.1.9 | LOW/HIGH — Tape Motion Speed. A level which indicates speed of selected Tape 
Unit: low is low-speed Tape Unit; high is high-speed Tape Unit. 


2.7.4.1.10 7TRK/9 TRK — Tape Unit Tracks. A level which indicates the number of tracks in 
the selected Tape Unit: low is 7-track; high is 9-track. 


2.7.4.1.11 DDI — Data Density Indicator. A level which indicates the selected data density in 
the selected Tape Unit: low is high density; high is low density. 


2.7.4.2 Read Data 


Read Data signals (RDP and RDO through RD7) from the selected Tape Unit are sent to the 
Formatter along with timing signals of the Read Data Strobe (RDS) pulses, and in conjunction 
with the appropriate control signals. One Read Data line is provided for each Read Data bit ina 


tape character. 


2.7.4.2.1 RDS — Read Data Strobe. This is a clock signal with a negative-going pulse which 
indicates the Read Data bit being processed is valid. During a Read operation, an RDS pulse must 
accompany each valid data bit. RDS provides the necessary timing for the Read Data to be read. 
The Read Data levels must be static during RDS. The positive-going transition (trailing edge) of 
the RDS pulse is used to clock the Read flip-flops in the Formatter. 


2.7.4.2.2 RDP, RDO Through RD7 — Read Data. RDP is the odd parity bit, RDO is the most 
significant bit in 9-track format, RD2 is the most significant bit in 7-track format, and RD7 is 
the least significant bit in both 7-track and 9-track formats. RDO and RD1 are not used in 7-track 
format. When presented to the Formatter, each Read Data bit signal is accompanied by an RDS 


pulse. The Read Data is presented in logic-level form: low is logic 1; high is logic 0. 
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2.7.5 CONTROLLER-TO-FORMATTER INTERFACE 


Table 2-2 lists the Controller-to-Formatter |/O cable interface pin assignments. There are 26 


signal lines from the Controller to the Formatter, which are grouped into five functional categories: 


A. Addressing 
Commands 
Write Control 
Modes 

Write Data 


moo pw 


The Controller driver circuits to the Formatter should be capable of sinking 30 mA when at the 
low level. These drivers need not supply any current when at the high level, since resistor term- 
inations to +5V are supplied within the Formatter. The drivers need not be open-collector types 


because no wired-OR function is used. 


Terms under bars are low (OV) when active; terms without bars are high (+5V) when active. The 


following paragraphs define the Pertec I/O compatible signals from Controller-to-Formatter. 


2.7.5.1 Addressing 


All addressing is accomplished with three signal lines: FAD, TADO, and TAD1. 


2.7.5.1.1 FAD — Formatter Address. A level which allows the same line to be used for the 
selection of either of two Formatters. When low, Formatter 1 is addressed; when high, Formatter 
0 is addressed. The level must remain static throughout the execution of any command. Each 
Formatter may be internally jumpered to provide indication to the Controller whether its 


address is O or 1. 


2.7.5.1.2 TADO, TAD1 — Tape Unit Select Address Lines. These levels, listed in Table 2-3, 
are decoded by the Formatter to select one of the four Tape Units. The levels must remain static 
throughout all operations except Rewind. A Tape Unit can be commanded to rewind and a 


different Tape Unit can be selected immediately. 
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TABLE 2-2. Formatter/Controller 1/O Cable Interface 


(Input) J103 (Output) 
Controller to Formatter Pins Formatter to Controller 


FAD FMK 
TADO Addressing HER 
TAD 1 CER 
FPT 
OFL LDP 
REV/FWD RDY 
REW ONL 
WRT/READ Commands RWD Status 
WFM EOT 
ERASE 7TRK 
EDIT (not used) SGL 
SPD 
GO — Command Clock NRZ 
FEN — Formatter Enable FBY 
DBY 
PAR : NRZ 
LWD \ pa eOny CCG/IDENT * 
THR1 
THR2 Modes 
DEN 


WP (not used) 


Read Clock 


Write Clock 


3, 4,9, 10, 15, 16, 21, 22, 27, 28, 33, 34, 39, 40, 45, 46, 51, 52, 57, 58, 64, 69, 70, 75, 76, 
81, 82, 96, 98, 100 — Signal GND 


* CCG/IDENT isa time shared line. For PE units, the signal is known as IDENTS. For 
NRZI units, the signal is known as CCG. 
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TABLE 2-3. Tape Unit Select Address Line Levels 


TADO Level TAD1 Level Tape Unit Selected 


1 
2 
3 


2.7.5.2 Commands 


All commands are clocked into the Formatter by the GO command clock pulse. The command 
signals must be static for a minimum of 500 nanoseconds before and after the command clock 


pulse. 
2.7.5.2.1 OFL — Offline. A low-true pulse on this line places selected Tape Unit in Offline mode. 


2.7.5.2.2. REV/FWD — Reverse/Forward. A low level on this line selects reverse mode. Con- 


versely, a high level selects forward mode. 


2.7.5.2.3 REW — Rewind. A low true pulse on this line selects a Rewind operation on the 
selected Tape Unit. 


2.7.5.2.4 WRT/READ — Write/Read. A low level on this line selects Write mode. Conversely, 


a high level selects Read mode. 


2.7.5.2.5 WEM — Write File Mark. A low level on this line, when WRT/READ line is low, 
causes a file mark to be written by the selected Tape Unit. 


2.7.5.2.6 ERASE — Erase. A low true level on the ERASE, WRT/READ, and WFM lines 
conditions the Formatter to execute a fixed-length erase of approximately 3 inches of tape. No 


variable length erase function is provided. 


2.7.5.2.7. GO— Command Clock. All commands, except Rewind and Off Line are clocked 
into the Formatter on the trailing edge of the clock pulse. 


2.7.5.2.8 FEN — Formatter Enable. A high true pulse or level on this line resets all Formatter 


~~ . 
operations. 
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2.7.5.3 Write Control 
The Write Control lines control transfer of data during Write mode. 


2.7.5.3.1 PAR — Parity. This line is used only for 7-track NRZI units. A low true level on 


this line enables generation of even parity in Write mode. 


2.7.5.3.2 LWD — Last Word. When a low true level is generated on this line at the sare time 


the last character of a record is transmitted, it indicates no further Write data transfers are required. 
2.7.5.4 Modes 

The Mode functions are clocked into the Formatter with a GO command. 

2.7.5.4.1 THR1, THR2 — Read Threshold Levels. For single-gap Tape Units, a low true level 

on THR1 selects a high read threshold level. A low true level on THR2 selects a low read threshold 
level, to enable detection of low-amplitude tape data. 

2.7.5.4.2_ | DEN — Density. When the Formatter is used as part of a PE/NRZI system, this line 
provides selection of either the PE or NRZI Formatters. A low true level selects the NRZI For- 
matter. Conversely, a high level selects the PE Formatter. When used for 7-track tape systems, 

a low true level selects the lower of two possible bit densities for Write or Read operations. 


2.7.5.5 Write Data 


The Write data is transferred from the Controller to the Formatter over 8 lines, WO through W7. 
The WP (Write Parity) line is not used. 


2.7.5.5.1 WO through W7 — Write Data. WO through W7 comprise the low true data input lines. 
WO is the most significant bit; W7 is the least significant bit. 
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2.7.6 FORMATTER-TO-CONT ROLLER INTERFACE 


There are 28 signal lines from the Formatter to the Controller (ref. table 2-2) which are grouped 


into four categories: 


A. Status 

B. Read Data 
C. Read Clock 
D. Write Clock 


2.7.6.1 Status 


The Status lines are supplied to the Controller as indications of the Formatter or Tape Unit 


operating functions. 


2.7.6.1.1 FMK — File Mark. A low true 1-microsecond pulse on this line indicates a file mark 
has been detected. 


2.7.6.1.2 HER — Hard (Non-correctable) Error. A low true level on this line indicates a non- 
correctable error has been detected. 


2.7.6.1.3. CER — Corrected Error. A low true 1-microsecond pulse on this line indicates a 
correctable error has been detected. It is not used in the NRZ! Formatter. 


2.7.6.1.4 FPT — File Protect. A low true level on this line indicates the Tape Unit is file 
protected, ie; that a Write operation cannot be performed unless a Write Enable ring is installed 


on the file reel or cartridge. 


2.7.6.1.5 LDP — Load Point. A low true level on this line indicates the Tape Unit is at the 
load point (BOT). 


2.7.6.1.6 RDY — Ready. A low true level on this line indicates the Tape Unit is ready to 


accept Controller commands. 


2.7.6.1.7. ONL W— On Line. A low true level on this line indicates the selected Tape Unit is 
On Line. 
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2.7.6.1.8 §RWD — Rewind. A low true level on this line indicates the selected Tape Unit is 


performing a Rewind operation. 


2.7.6.1.9 EOT — End of Tape. A low true level on this line indicates the selected Tape Unit 
has reached the End of Tape (EOT) marker. 


2.7.6.1.10 7 TRK — 7 Track. A low true level on this line indicates selection of a 7-track Tape 


Unit. Conversely, a high true level on this line indicates selection of a 9-track Tape Unit. 


2.7.6.1.11 SGL — Single. A low true level on this line indicates the selected Tape Unit has a 
single-gap head. Conversely, a high level on this line indicates the selected Tape Unit has a dual- 
gap head. 


2.7.6.1.12 SPD — Speed. This line is used in systems which have Tape Units of different speeds. 
A low true level on this line indicates the selected Tape Unit is operating in the low-speed mode. 


Conversely, a high level on this line indicates the selected Tape Unit is operating in the high-speed 


mode. 


2.7.6.1.13  FBY — Formatter Busy. A low true level on this line indicates the Formatter is 


performing a functional operation. 


2.7.6.1.14 DBY — Data Busy. A low true level on this line indicates a Write or Read mode 


operation is in progress. 


2.7.6.1.15 NRZ— Non-Return to Zero. A high level on this line indicates the Formatter is in 


the PE mode of operation. 


2.7.6.1.16 CCG/IDENTS — Identification Burst. A Jow true pulse on this line indicates the 
Formatter has detected the NRZI check characters on the tape. 


2.7.6.2 Read Data 


Nine Read Data lines transfer parallel Read data to the Controller. They are clocked by the 
Read clock which generates the Read Strobe (RSTR) pulse. 
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2.7,6.2.1 RP, RO through R7 — Read Data. The Read data is transmitted in a low-true format. 
RP is the parity character. RO is the most significant bit; R7 is the least significant bit. 


2.7.6.3 RSTR — Read Strobe. A Read Strobe (clock) pulse is generated for each Read 


character transmitted. Each clock pulse has a duration of approximately one microsecond. 
2.7.6.4 WSTR — Write Strobe. A Write Strobe (clock) pulse is generated for each Write 


character transmitted. The first character must precede the first clock pulse, with each subsequent 


character on-line within one-half of a character period after the trailing edge of each clock pulse. 
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SECTION 3 


OPERATION 


3.1 GENERAL 


In this section, physical operation of the WANGCO Model 511 NRZI Formatter is described, 


pre-operational checkouts are defined, and front panel switches and indicators are identified. 


3.2 CHECKS BEFORE OPERATION 


After the Formatter has been installed, the following checks should be made before operation 


is begun: 
A. Verify that !/O cables are properly located and firmly seated to ensure correct 
interface connections. 
B. Verify that the two fuses, accessible from the rear panel, are of the voltage and 
amperage rating marked on the Formatter. 
C. Before applying AC line power, verify that line voltage corresponds to the 
voltage marked on the Formatter (ref. figure 2-1). 
3.3 OPERATION 


Formatter operation is simple. Only initial control switch settings on the Operator Control Panel 
(OCP) need be made. With initial control settings established, the selected Formatter automatically 
performs all commanded operations. No adjustments are required. Controls and indicators are 


shown in Figure 3-1. 


3.3.1 POWER SWITCH/INDICATOR 


A push-on/push-off switch/indicator. AC power is applied, or removed, by pressing. Internal 


indicator is lit when power is on. No warm-up time is required for the Formatter. 


3-1 


ce 


WAN-0009-001 


TAPE UNIT DENSITY 
SELECTED INDICATOR 
INDICATOR PARITY LAMPS 
BOWER LAMP INDICATOR 
SWITCH LAMPS MODE 


SELECTION 
SWITCH 


TAPE UNIT 

ADDRESS FORMATTER 

SELECTOR PARITY SELECTED DENSITY 
SWITCH SELECTION INDICATOR SELECTION 
(1 OF 4) SWITCH LAMP SWITCH 


Figure 3-1. Front View of Formatter Operator Control Panel 


3.3.2 TAPE UNIT ADDRESS SELECTOR SWITCHES 


Four 4-position, detented slide switches (A, B, C, and D), each with selectable positions 0, 1, 2, or 
3. If multiple Tape Units are used (daisy-chained), each Tape Unit (0, 1, 2, or 3) must be assigned 
a unique address by using these switches; e.g., A= 0, B = 1,C = 2, D = 3. Tape Units assigned the 


same address are simultaneously selected. 
3.3.3 TAPE UNIT SELECTED INDICATOR LAMPS 


One of these indicator lamps is located above each Tape Unit Address Selector Switch. When a 


Tape Unit is selected, its corresponding lamp is lit. 

3.3.4 FORMATTER SELECTED INDICATOR LAMP 
This indicator lamp is lit when the Formatter is selected. 

3.3.5 MODE REMOTE/MANUAL SELECTOR SWITCH 


A 2-position toggle switch. Its position determines whether control of parity and density is 


manually selected by OCP switches on the front panel or remotely controlled from the Controller. 


Only 7-track Tape Units are affected by the 
position of the MODE, PARITY, and/or 
DENSITY select switches; 9-track Tape Units 
are always odd parity with 800 BPI density. 


3.3.6 PARITY ODD/EVEN SELECTOR SWITCH 


A 2-position toggle switch. Allows selection of either odd or even parity data to be written or 
checked by the Formatter when 7-track Units are selected (ref. paragraph 3.3.5 and associated 
note). Parity selected must be the same as that of the selected 7-track Tape Unit. This switch has 
no effect when 9-track Tape Units are selected, or when the MODE switch is in the REMOTE 
position. 
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3.3.7 PARITY ODD/EVEN INDICATOR LAMPS 


The lamp corresponding to the PARITY switch position is lit, regardless of the MODE switch 
position or Tape Unit selected, to indicate the parity configuration of the Formatter. The 
illuminated lamp is significant only when the MODE switch is in the MANUAL position and a 
7-track Tape Unit is selected (ref. paragraph 3.3.5 and associated note). 


3.3.8 DENSITY HI/LOW SELECTOR SWITCH 


A 2-position toggle switch. Allows selection of either of two possible densities for any selected 
7-track Tape Unit. Density selection, however, is relative and is established by density-jumper 
positions selected, if used, for each Tape Unit (refer to Section 4 for additional information on 
this option). This switch has no effect when 9-track Tape Units are selected, or when the MODE 
switch is in the REMOTE position (ref. paragraph 3.3.5 and associated note). 


3.3.9 DENSITY HI/LOW INDICATOR LAMPS 
The lamp corresponding to the DENSITY switch position is lit, regardless of the MODE switch 
position or Tape Unit selected, to indicate the density configuration of the Formatter. The 


illuminated lamp is significant only when the MODE switch is in the MANUAL position and a 
7-track Tape Unit is selected (ref. paragraph 3.3.5 and associated note). 
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SECTION 4 


THEORY OF OPERATION 


4.1 GENERAL 


This section contains theory of operation of the WANGCO Model 511 NRZI Tape Unit Formatter. 
The Formatter can accommodate as many as four Tape Units simultaneously. For the multiple 
Tape Unit configuration, all input/output signal lines are daisy chained, while a single select line 

is wired to each individual Tape Unit. Only the selected Tape Unit responds to the Formatter 
commands. The Formatter performs three basic functions: 


A. Control 
B. Write 
C. Read 


The information in this section is divided into two major topics. A discussion on a block diagram 
level is presented first to provide an overall functional description and to illustrate the relationship 
between the Formatter, the Tape Units, and the Controller. A discussion of the command 
execution, illustrated by timing diagrams, describes operation of the Formatter circuitry during 


execution of computer-originated instruction. 
4.1.1 CONTROL 


The Formatter provides control over the selected Tape Unit including all timing necessary to 
automatically perform all commands. Upon completion of the commanded operation, status is 


provided so that the Computer can ascertain whether the operation was performed correctly. 


4.1.2 WRITE 


The Formatter performs all the Write functions for erasing tape, writing a file mark, or writing 

a data record. A 3-inch (7.62cm) gap is automatically erased before the first record when starting 
from beginning of tape (BOT). The correct timing delays for erasing the inter-record gap (IRG) is 
provided, and the File-Mark code is developed by the Formatter. 
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4.1.3 READ 


The Formatter also reduces Read operations to a minimum by performing all parity checks and 
automatically positioning the Inter-record gap (IRG) under the heads. 


4.2 BLOCK DIAGRAM DISCUSSION 


Figure 4-1, a simplified block diagram, illustrates the various functions performed by the standard 
7-track, 9-track NRZI Formatter and shows the relationship between the Formatter, the Tape 
Units, and the Controller. The hexagon-enclosed numbers refer to the Logic Diagram Number on 
which the indicated function is drawn in detail. This number is located in the lower right-hand 


corner of the detailed logic drawings. 
4.2.1 EMULATOR INTERFACE LOGIC (Dwg. 202234) 


The Emulator Interface provides a compatible interface between a Controller that uses a Pertec 
1/0 format and the standard WANGCO I/O format. This allows replacement of a standard Pertec 
Formatter with a WANGCO Formatter, and retains the use of the existing Controller. 


Because of the Emulator design, the following functions that are available with the Pertec For- 
matter are not available with the modified WANGCO Formatter: 


A. No variable Erase function (only fixed-length Erase function). 

B. No Edit function. 

C. No external Write parity generation option. Odd parity for the Write function 
is generated by the Formatter. 

D. No transfer of CRC or LRC characters. 


4.2.1.1 Input Conversion 


The following paragraphs describe the conversion of the predominately low true commands from 
a Controller that uses the Pertec signal format to the input level requirements of the WANGCO 
circuitry. In the following paragraphs, the input signal nomenclature follows the standard Pertec 


format. 


NRZI FORMATTER WAN-04788 


TAPE UNITS EMULATOR 
TAPE UNIT TAD O, TAD 1 
SELECT 


TAPE UNIT Ey 
Seber FORMATTER 


SLCT. 0,1,2,3 ADDRESS FADI FAD 
SELECT der ney 
SFC TRANSPORT SET WEM REV/FWD 
SRC CONTROL COMMAND SET WCC FEN REW 
| REWIND | REGISTER COMMANDS SET GAP WRT/READ 
REW ©) SET RCC WEM 
OFFLINE SET REW ERASE 
OFFC SET OFL 


TO READ STATES [STATE @ 
WRITE COUNTER 


CONTROL AND MAIN 


VALID/REJECT CONTROL 
LOGIC 
ane i 


REJECT {RDY, EOTS, 


ISTRK, NRZ/PE, 
READ STROBE SINGLE/DUAL, EM EOE 
STATUS O® STATUS4LOW/HIGH SPD,] RSTR |epT sPD 
REGISTER Ergae as RDY 7TRK 
READ DATA pe Rowe ET LDP 
STORAGE WCC, ONL 
REGISTER RWD 
READ STROBE 
READ DATA RP, ROTHRU R7 


{RP, RO THRU R7) 


sae Gun) 
ERROR THR1, THR2 


DETECT 


GEN ODD PARITY PAR 


READ CLOCK 
ACTIVITY 
SENSE READ CONTROL 
Losle. SET DATA FLAG 
COMMAND REGISTER 
DWG 202234 
FILE MARK 
DETECT 7 TRK WRITE DATA 
STORAGE 
£0T REGISTER WRITE DATA WO THRU W7 
(TO STATUS (WDP, WOO THRU WD7} 
REGISTER) 
SET DATA FLAG DATA TRANSFER DATA FLAG 
W/R ACK 
HALT Lwp 
HI DENSITY SELECT DEN 
FILE MARK stop | pELAY 
GEN COUNTER 
CRYSTAL OSC (S) 
AND TAPE 
SPEED SELECT ® 
Co) 
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WRITE NTROL NRZ 
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INTER-RECORD COMMAND 
GAP DETECT REGISTER CCG/DENTS 
READ: 
STROBES 
CRC CLOCK 
WRITE ete 


STROBE 


RESET WRITE AMPS (GEN LRCC) 


SET DATA FLAG 
SET WRITE STATUS 


Figure 4-1. NRZ! Formatter Block Diagram 


4-3 


4.2.1.1.1 FAD Command. This input command is terminated, buffered, and supplied to the 
Formatter circuitry (without inversion) as the FAD signal. 


4.2.1.1.2 TADO, TAD1, REV/FEW, FEN, REW Commands. These input commands are 
terminated, inverted and supplied to the Formatter circuitry as WANGCO signals $2, S1, SET 
REV, EXT RESET, and SET REW, respectively. 


4.2.1.1.3. WRT/READ, WEM, ERASE Commands. These input commands are used to generate 
four WANGCO signal commands; SET RCC, SET WCC, SET WFM, and SET GAP. Table 4-1 
lists a truth table which illustrates the command-level requirements for generation of the WANGCO 


signals. 


TABLE 4-1. Input Command Truth Table 


WANGCO 
Signals (high) WRT/READ WFM ERASE 


SET RCC high 
SET WCC high 
SET WFM high 
SET GAP low (fixed-length erasure) 


4.2.1.1.4 GO Line. A low true pulse level on this line generates the WANGCO command clock 
signal, STROBEC. Because the rewind (REW) command or the Off-Line (OFL) command from 
the Pertec interface is not accompanied by a GO pulse, a monostable (one-shot) circuit is used to 
generate the required STROBEC command pulse. If a REW or OFL command is issued, the one- 
shot provides a 300-nanosecond STROBEC pulse to Formatter circuitry. 


4.2.1.1.5 THR1, THR2 Lines. The pulse levels on each of these lines are clocked into a latch 
flip-flop (F-F) by aSTROBEC pulse and supplies the THR1 and THR2 levels to Formatter circuitry. 


4.2.1.1.6 DEN Line. The pulse level on the Density line is clocked into a latch F-F bya 
STROBEC pulse and supplies the HI DENSITY mode line to Formatter circuitry. 


4.2.1.1.7 DATA FLAG and W/R ACK Signals. As shown in Figure 4-2, DATA FLAG from 
the Formatter is inverted and held one microsecond, then gated with DATA FLAG to generate 
the W/R ACK signal. W/R ACK internally resets the Formatter DATA FLAG signal and causes 
F-F A to be reset. This sequence continues for each transferred data character until Last Word 
(LWD) is received from the Pertec interface. A low level on the LWD line enables F-F B, which 
supplies the high true HALT command to the Formatter. F-F B is reset by either a command 
clock (STROBEC) pulse or a low true level on the RCC status line. This indicates the Formatter 


is in the Read mode. 


4.2.1.1.8 PAR Line. The pulse level on the Parity line is clocked into a latch F-F by a 
STROBEC pulse and supplies the GEN ODD PARITY signal to Formatter circuitry. 


4.2.1.1.9 WO through W7. The low true signals from the Controller are terminated, buffered, 
and supplied to the Formatter as low true Write signals BO through B7. 
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Figure 4-2. HALT and W/R ACK Command Logic 


4.2.1.2 Output Conversion 


The following paragraphs describe the conversion of the low true Formatter output signals to 
the levels required by a Controller that uses Pertec signal format. In the following paragraphs, the 


output signal nomenclature follows the standard Pertec format. 


4.2.1.2.1 WSTR, RSTR. A low true Read Strobe (RSTR) signal is generated by gating the 
Formatter Read status line (RCC) with DATA FLAG. Similarly, Write Strobe (WSTR) is generated 
by gating the Formatter Write status line (WCC) with DATA FLAG (ref. figure 4-2). 


4.2.1.2.2 | FMK, CER. As shown in Emulator logic Dwg. 202234, both the File Mark (FMK) 
and Correctable Error (CER) status signals are generated by inverting the corresponding For- 
matter signal (FM and CERS, respectively), to trigger a one-shot, which generates a 1-microsecond 
pulse. This pulse is then inverted and supplied as a low true status-output signal to the Controller. 


CERS is not available from the NRZ! Formatter; 
therefore, CER is always false (high) from the 


Emulator. 


4.2.1.2.3 HER. The noncorrectable Hard Error (HER) is generated by inverting the Formatter 
PARITYER signal and gating it with CERS to provide a low true output signal to the Controller. 


4.2.1.2.4 FPT, LDP, RDY, ONL, RWD, EOT, 7 TRK,SGL, SPD. These status signals are 
simply the buffered, low true Formatter status-output signals; except for 7-TR K, which is the 
inverted 9 TRK Formatter output signal. 


4.2.1.2.5 FBY, DBY, NRZ. These Read control signals are simply the buffered, low true 


Formatter output signals. 


4.2.1.2.6 CCG/IDENT. For NRZI units, this line is known as CCG. A low true pulse on this 
line indicates the NRZI check characters have been detected by the Formatter. The RCAS and 
NRZ/PE signals are inverted and NAND’‘ed to set F-F U9. F-F U9 is reset by gating NRZ/PE 
and DBY; thus, the resultant output signal is RCAS+DBY. 
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4.2.1.2.7 RP, RO through R7. The low true Read signals from the Formatter are inverted and 
gated with the Read Status signal (RCC) to supply the low true Read lines to the Controller. 
Jumper selection is provided to make the Read signals available only in the Read mode (jumper 
E1—E2) or in both modes (jumper E2—E3). 


4.2.2 COMMAND REGISTER AND VALID/REJECT Locic (5) (11) 


When a command is output from the Computer, the command and a strobe pulse are delivered 
from the Controller to the Valid/Reject logic of the Formatter. If the command is acceptable, a 
valid clock is generated to enable the command to be loaded into the Command Register. If the 
command is not valid, a reject pulse is returned to the Controller. Each valid clock initiates a 


system reset (SRS) pulse which is used to reset the Formatter to initial conditions. 


4.2.2.1 Controller Busy. The valid clock also sets the Controller Busy (CBUSY) F-F. 
Normally, the CBUSY F-F is used by the Controller to signal termination of all commands. The 
Transport Control logic resets the CBUSY F-F after all tape motion has ceased for the commanded 
function. If On-the-Fly writing or reading is desired, the Data Busy status must be used by the 
Computer to initiate the next command as soon as Data Busy terminates. 


4.2.3 TRANSPORT CONTROL LoGic (5) 


The Transport Control logic develops the FWD, REV, REWIND and OFFLINE commands to 


the selected Tape Unit under control of the Command Register and the State Counter. 
4.2.4 FORMATTER ADDRESS SELECT LOGIC (12) 


The Formatter Address Select logic allows a Formatter to be assigned the number zero or one so 
that two Formatters can be daisy-chain connected to one Controller to provide control for up to 
eight Tape Units or a mixture of NRZI and 1600 BPI Phase-Encoded Tape Units. 


4.2.5 TAPE UNIT SELECT LOGIC 42) 


The Tape Unit Select switches allow the operator to assign unit numbers 0, 1, 2, or 3 to any of the 
four Tape Units. This allows physical Tape Units to be switched without requiring changes to the 
Computer program. Indicator lamps on the Formatter provide visual indication of which Tape Unit 


is selected. 
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4.2.6 STATE COUNTER AND MAIN CONTROL LOGIC 4 


The State Counter divides the major operations (such as Write and Read) into successive states 


(suboperations) that are sequentially stepped through to perform the complete major operation. 


These states are shown in Table 4-2. 


TABLE 4-2. State Count Versus Function 


Rest 
Predelay, not BOT and not 3-inch (7.62cm) gap. 
Predelay, BOT or 3-inch (7.62cm) gap. 

Write or Read execution 

Postdelay 

Forward Motion Halt time out 

Reverse Motion Halt time out 

Rewind or Clear execution 


4.2.6.1 Delay and Time Out States. The Delay and Time Out states all use the Delay Counter 


to determine when the state count should terminate and when the next state count can be entered. 


These delay-count times very depending on the following factors: 


A. 


LE eS 


Tape speed 

Single- or dual-stack head 
Edit or normal mode 
Reverse or forward motion 


Seven- or nine-track Tape Unit selected 


The pre- and post-delays are used to erase the inter-record gaps (IRG) and to halt the tape under the 
head in the correct position in the |RG when reading. 


4.2.6.2 State Descriptions. Brief descriptions of the eight states (O through 7) are provided 


below. 


State O (the ‘‘Rest”’ state) is the state the Formatter enters after completing an 
operation. 

State 1 (Predelay) is used to wait for the Tape Unit to get up to speed and to 
erase part of the IRG when writing. State 1 is used for Predelay when not 


starting from BOT or when not erasing a 3-inch (7.62cm) gap. 
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C. State 2 (Predelay) is similar to State 1 except a longer delay is implemented to 
handle the 3-inch (7.62cm) gap erased automatically at BOT and for the erase 
3-inch (7.62cm) gap command. 

D. State 3 (Write or Read Execution) is the State during which the record is 
written or read. When reading, State 3 is terminated when no more Read Strobes 
occur. This indicates the |RG has been reached. 

E. IRG detection is also used to terminate State 3 for Write operations when 
using a dual-stack Read-After-Write Tape Unit. This allows the written record to 
be checked for correct parity. For single-stack Write operations, State 3 is 
terminated as soon as the LRC character is written at the end of the record. 

F. State 4 (Postdelay) is used when reading to halt the tape under the head in the 
correct position in the IRG. When writing, State 4 Postdelay erases a portion of the IRG. 

G. State 5 (forward motion halt time out) retains memory of the forward direction 
of motion during the time interval after the Tape Unit has been commanded to 
stop until the Tape Unit actually stops. This delays termination of the CBUSY 
signal until the Tape Unit has completely halted the tape in the IRG. The DBY status 
terminates when State 5 or 6 is entered so that successive Write or Read opera- 
tions may be executed On-the-Fly without stopping in the IRGs. 

H. State 6 (reverse motion halt time out) is similar to State 5, except for reverse 
motion commands. 

1. | When performing On-the-Fly operations, successive commands issued after DBY 
terminates but before CBUSY terminates must be of the same type. A Read 
command cannot follow a Write command and a forward motion command 
cannot follow a reverse motion command (or vice versa). There is, of course, 
no such restriction if the commands are not issued until after CBUSY terminates. 

J. State 7 (Rewind or Clear) is entered upon issuance of a Rewind or Clear com- 
mand by the Computer. The State is terminated when the Tape Unit finishes 


rewinding. 
4.2.7 STATUS REGISTER Locic (5){11) 
The Status Register stores both Tape Unit and Formatter status so that the Computer can inspect 
the results of an operation after the operation is completed to find out whether the operation was 


correctly completed or whether some other action needs to be taken. The status of the selected 


Tape Unit and the Formatter are available for access by the Computer at any time. 
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4.2.8 PARITY CONTROL LOGIC 2) 


The Parity Control logic provides manual or program control over selection of odd or even parity 
for 7-track Tape Units. Odd parity is automatically selected for 9-track Tape Units. The output 
(odd parity) is used by the Parity Generator and check logic. 


4.2.9 PARITY ERROR DETECT LoGic 411) 


The Parity Error Detect logic searches for one or more parity errors in each tape record. Any 
detected errors causes the Parity Error Status bit to be set. The Read Control logic uses the Read 
Clock Activity Sense (RCAS) logic output to enable the Parity Error Detect logic to inspect the 
output of the Character Parity Check logic only during the data portion of a record; since CRCC 
9-track and LRCC 7-track can exhibit either odd or even parity. The output of the LRC Check 
logic is inspected only after the entire record (including CRCC and LRCC) has been read. 


4.2.10 CHARACTER PARITY CHECK LOGIC (9) 


The Character Parity Check logic checks each character read from tape for either odd or even 


parity under control of the Parity Control logic. 
4.2.11 LRC CHECK LoGic (9) 


The Longitudinal Redundancy Character Check logic checks for an even number of 1’s for each 


individual track down the length of the record and includes the CRC and LRC characters. 


4.2.12 READ DATA STORAGE REGISTER LOGIC 


The Read Data Storage Register stores each tape character at the leading edge of the Read Strobe 
in such a manner that the Read Data is static to the Controller interface throughout the entire 
period until the leading edge of the next Read Strobe occurs. This obviates the requirement for 

a storage register in the Controller which would otherwise be required to retain the data for the 
maximum possible time after DATA FLAG is set to give the Computer the maximum amount of 
time to accomplish the data transfer. The outputs of the Read Data Storage Register are routed 
to the rest of the logic where Read data is utilized in the Formatter. 
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4.2.13 READ CLOCK ACTIVITY SENSE LOGIC 


The Read Clock Activity Sense logic is used to separate the data portion of each record from the 
CRC and/or LRC characters in the Forward direction; thus, the Set Data Flag (in the Read Control 


logic) is allowed to operate only for the data portion of the record which strips off the CRC and/or 
LRC characters. 


4.2.13.1 Check Word Count. The Check Word Count (CKWDCNT) pulse occurs just after the 
last data character but before the CRC or LRC character’s Read Strobe destroys the contents of 
the Read Data Storage Register. The CKWDCNT pulse is delivered to the Controller interface 
when an odd number of characters are read from tape while the Pack mode of operation is being 
used. The CKWDCNT pulse is also used on the Controller to determine if the expected number of 
characters was read from tape to create status bits which can inform the Computer that the record 


was too long, too short and/or contained an odd number of characters. 
4.2.14 FILE MARK DETECT LoGic (9) 


The File Mark Detect logic checks for 7-track or 9-track file marks which depends on which type 
of Tape Unit is selected. The FM status is developed if a file mark is detected in either a forward 
or reverse direction. 


4.2.15 READ CONTROL LOGIC 


The Read Control logic controls data transfer during State 3 until the IRG is detected. At this 
time, the Postdelay (State 4) or one of the Halt delays (State 5 or 6) is entered. 


4.2.15.1 Set Data Flag Signal. The Set Data Flag signal is generated for each Read Strobe that 
occurs as long as RCAS indicates the data portion of the record is present and the Halt signal 


has not occurred. 


4.2.15.2 IRG or Halt Signal. When the IRG is detected or when the Computer generates the 
Halt signal (to indicate it does not want any more data), no more Data Flag signals are generated 


even though there may be more data in the record. 


4.2.15.3 Reading Backward. When reading backward, the CRC and/or LRC characters are not 
stripped from the data portion of the record, but are included as the first one or two characters 
read; therefore, these characters must be accounted for and stripped off by the program. The 
program accounts for these extra characters by setting the expected record length to two char- 
acters greater for 9-track and one character greater for 7-track. The program can strip off the 


extra characters by noting the length of the record and making one of the following responses: 


A. For 9-track Tape Units: if the record was the expected two characters longer, 
then the first two characters are the LRC and CRC characters and may be 
discarded. If the record is not two characters longer, then the CRC character 
was all zeros (no Read Strobe occurs); thus, only the first character (LRC) 
needs to be discarded. 

B. For 7-track Tape Units: If the record was the expected one character longer, 
the first character is the LRC character and may be discarded. If the record is 
not one character longer, then the LRC character must have been all zeros; 


thus, no character needs to be discarded. 


4.2.15.4 Space Operations 


The Read Control logic also controls the forward and reverse space operations. These operations 
are identical to reading forward or reverse, except the Data Flag is not set for data transfer re- 
quests. All parity checks are valid for spacing and reading operations, and for Read-After-Write 
operations when a dual-stack head is used on the selected Tape Unit. The following special Read 


modes may also be used: 


A. Test Read 
B. Read Threshold High 
C. Read Threshold Extra Low 


4.2.15.4.1 Test Read Mode. In the Test Read mode, the CRC and/or LRC characters are not 
separated from the data in the forward Read operation. This allows checking of the CRC and 


LRC generator logic by diagnostic programs. 


4.2.15.4.2 Read Threshold High Mode. The Read Threshold High mode may be used with 
single-stack Read/Write Tape Units to enable a marginal parity check to be performed on each 
record immediately after it is written by backspacing over the record then spacing or reading 
forward over the record in the Read Threshold High mode, then checking for parity error status. 
This marginal check function is automatically performed by dual-stack Read-After-Write Tape 
Units since they automatically select the high threshold when in the Write mode so that Read- 


After-Write parity checks may be performed while writing. 


4.2.15.4.3 Read Threshold Extra Low Mode. The Read Threshold Extra Low mode allows 


Tape Units equipped with this option to recover low-amplitude signals on tapes of poor quality. 
4.2.16 WRITE DATASTORAGE REGISTER LOGIC (7) 


The Write Data Storage Register is provided so that no register is needed on the Controller to 
store output data from the Computer. The Data Transfer logic operates on a request/response 
basis via the Data Flag and Write/Read Acknowledge (W/R ACK) signals such that each character 
is requested a full write-clock period before it is needed, and the Computer can respond any time 
within this period with a W/R ACK strobe pulse to load the Write Data into the Write Storage 
Register. 


4.2.17 PARITY GENERATOR LOGIC (7) 

The Parity Generator creates odd or even parity for each character presented from the Write 
Storage Register, then sends the parity bit to the Write Data Select Gates. The Parity Control 
logic determines whether odd or even parity is generated. 

4.2.18 WRITE DATASELECT GATES LOGIC (7) 

The Write Data Select Gates consist of three sets of gates which are enabled by the Write Control 


logic to gate the Write data (and parity bit), or the File Mark code, or the CRC Character onto 
the Write data bus to the Tape Units. 
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4.2.19 FILE MARK GENERATOR LOGIC (7) 


The File Mark Generator generates the appropriate file-mark code which depends on whether a 
normal 9-track file mark, a special 9-track file mark, or a 7-track file mark is to be written. The 
Write Control logic gates the file-mark code onto the Write data bus at the appropriate time and 
generates a Write Clock to write the file mark. The special 9-track file mark is an option that 
writes the 7-track filemark code to provide compatibility with some models of computer hard- 


ware and software when writing in the unpack mode on a 9-track tape. 
4.2.20 CRCC GENERATOR LOGIC 


The Cyclic Redundancy Check Character (CRCC) Generator calculates the CRC character while 
writing each record (as each data character appears) on the Write data bus. At the end of the 
record (9-track Tape Unit only), the Write Control logic gates the CRCC onto the Write data bus 
and generates a Write Clock pulse to Write the CRC character. The LRC character is then written 
to finish the record. The CRCC may be all zeros and may exhibit odd or even parity. 


4.2.21 WRITE CONTROL LOGIC 6) 


The Write Control logic operates during State 3 for Write, Erase and Write-File-Mark operations. 
The Write Control logic controls the Data Transfer logic for Write operations by developing the 
Set Data Flag pulse to request each character to be written until the Write Operation is terminated 


by the Halt signal from the Controller. 


4.2.21.1 Halt Signal. Upon receiving the Halt signal, the CRC and/or LRC character is auto- 
matically appended to the record, then part of the IRG is erased. If a single-stack (Read/Write) 
Tape Unit is selected, the Write Control logic triggers the State Counter to the State 4 postdelay 
after writing the LRC character at the end of the record. If a dual-stack (Read-After-Write) Tape 
Unit is selected, the Inter-Record Gap Detect logic is used to exit State 3 and enter State 4 
(Postdelay). This allows all of the record to be Read-After-Write parity checked. 
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4.2.21.2 Data Rate. The data rate is developed from the Write Clock frequency generated by 
the Crystal Oscillators and Tape-Speed Select logic. The Write Control logic also sends the Write 
Most Significant Byte (WRMSB) signal to the Controller to enable the odd/even characters to be 


separated when unpacking a computer word into two sequential tape characters. 
4.2.22 CRYSTAL OSCILLATORS AND TAPE SPEED SELECT LOGIC (1) 


The Crystal Oscillators provide stable and precise clock frequencies for 800, 556, and 200 bits- 
per-inch packing densities. The Tape Speed Select and Density Select logic divide the clock rates 
to the appropriate frequencies and select the Write Clock frequency which depends on tape speed 
and packing density. One set of crystals covers all standard tape speeds (from 12.5 to 112.5 ips) 
as well as most nonstandard tape speeds. The Speed Clock signal is used by the Delay Counter to 


provide all the precise time delays for the Formatter and is dependent only on tape speed. 
4.2.23 DENSITY SELECT LoGic (2) 


The Density Select logic provides control over selection of high- or low-density for 7-track Tape 
Units. Nine-track Tape Units are automatically operated only at 800 BPI. The Density Selection 
is normally controlled by the Computer program via the Hi Density Select signal but can be over- 
ridden by front panel switches. Different pairs of densities can be accommodated on multiple 
7-track Tape Units; i.e., one unit can have densities of 800/556 BPI while a second unit can have 
densities of 556/200 BPI and a third unit can have densities of 800/200 BPI. 


4.2.24 | DATA TRANSFER CONTROL LOGIC 


The Data Transfer Control logic operates in conjunction with the Read or Write Control logic, 
and depends on whether a Read or Write operation is active. The Read or Write Control logic 
generates the Set Data Flag pulse to signal that Read data is ready to input or to request a Write 
data character. For Write operations, the Controller returns the W/R ACK signal which clears 
the Data Flag and is used to strobe the Write data into the Write Storage Register. When the 
Controller desires to halt data transfer, it generates the HALT signal and the Data Flag signal 

is disabled. 
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4.2.25 DELAY COUNTER LOGIC (3) 


The Delay Counter is a flip-flop divider chain that counts the Speed Clock pulses to provide 
precise time intervals for Predelays and Postdelays as well as Halt delays. The time interval is 
defined by the interval from the time the counter is allowed to start counting (from a reset 
condition) until the STOP signal is generated by a set of gates that decode various counts from 
the Delay Counter. The gate selected for a particular time interval is dependent on which State 
the Formatter is in as well as the configuration of the Formatter and the selected Tape Unit 
(provided by the STATUS signals to the Delay Counter). 


4.2.26 INTER-RECORD GAP DETECT LOGIC (4) 


The IRG Detector is used to trigger the Formatter from State 3 to the Post Delay State 4, or 
Halt Delay State 5 or 6, when completing any Read, Space, or Write operation with a dual-stack 
Read-After-Write Tape Unit. The IRG Detector resets the Delay Counter with each Read Strobe. 
When the Read Strobes are terminated, the Delay Counter is allowed to count for a prescribed 
interval until the STOP time is reached. When the STOP time is reached, State 3 is terminated. 


4.3 COMMAND DESCRIPTIONS 


The Formatter executes the following basic commands: 


A. Read (one record) 
Write (one record) 
Space 

Write File Mark 
Erase 3-inch Gap 
Rewind 

Offline 

Clear 


rammoog 


4.3.1 COMMAND AND MODE COMBINATIONS 


Table 4-3 lists the commands which it is possible for the Formatter to execute. Command 


execution depends on the mode lines. 
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TABLE 4-3. Command and Mode Combinations 
FORMATTER OPERATION: ——~ -—————- COMMANDS —__—____ MODES ——1 


ML. 


X 


OPERATION DESCRIPTION 


Test Read Forward 


1. 

2. 

3. Read Reverse 
5. Write 1 Record (Edit) 


Space Reverse 1 record 


Read Forward 
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peixt | | 
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8. 
9, Space Reverse n records 


Space Reverse (edit mode) x 


Write File Mark 


Erase 3-inch gap* 


Erase 3-inch gap then Write File Mark 
Erase 3-inch gap then Write 1 recor: 
Rewind 
Off-line 


Initiate Rewind then Offline 
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NOTES: . *7.62cm. Also applies to items 13 and 14. 


1 The Edit mode can be used to rewrite a File Mark if the File Mark is first backspaced over in the Edit 
mode. 


2 The STOP SPACE signal is used only for continuous spacing over multiple records. The RCAS signal can 
be used by the Controller to count records for determining when the required number of records has 
been traversed. 


3 The Core Dump (CD) signal is ignored if 7-track, but can be used to Write and to check for 7-treck-type 
File Marks on 9-track Tape Units; i.e, an octal 17 with even parity is written (and decoded as a File 
Mark when reading) instead of the normal octal 23 with odd parity. This provides compatibility with 
certain software of some existing computer manufacturers. 


4 The GEN QDD PARITY and HI DENSITY made lines are ignored when a 9-track Tape Unit is selected, 
or when the MODE switch on the OCP is in the MANUAL position regardicss of whether a 7-track or 
9-track Tape Unit is selected. If the MODE switch is in the REMOTE position and a 7-track Tape Unit is 
selected, the GEN ODD PARITY line controls whether odd or even parity is written or checked for; 
and the H! DENSITY fine controls the written character packing density and the time pericd allowed 
between Read strobes in the RCAS circuits. 


5 The THR1 mode affects only Tape Units having a single-stack Write/Read head. This mode line enables 
a maryinal parity check to be performed on each record, immediately after it is written, by backspacing 
over the record and then spacing or reading forward in this mode while checking for parity error status. 


6 The THR2 mode affects only Tape Units equipped with this option. It allows recovery of low-ainplitude 
Read Data from tapes of low quality. 


The Command signals are strobed into a Command storage register in the Formatter by the 
Command Clock (STROBEC); therefore, they can be changed immediately after the termination 
of the (STROBEC) pulse. The mode lines must be held static throughout each operation because 


no storage is provided in the Formatter. 
4.3.2 READ AND SPACE COMMANDS 


The Read and Space operations can be in the forward or reverse direction in any one of three 


possible modes: 


A. Normal 
B. Read Threshold High 
C. Read Threshold Extra Low 


In addition, a Read forward operation may be performed in a Test Read mode in which the CRC 
and LRC characters are not stripped from the data. The Read Threshold High mode is used with 
single-stack head (Read/Write) Tape Units to allow marginal checking of each record immediately 
after it is written by backspacing over the record and reading or spacing forward in the Read 
Threshold High mode, then checking for no parity errors. The Read Threshold Extra Low mode 
provides the ability to recover low-amplitude data from tapes of poor quality (if the Tape Unit 

is equipped with this option). 


The Space operations can be for a single- or multiple-record under control of the STOP SPACE 
Controller signal. In addition, the backspace operation can be conducted in the Edit mode to 
correctly position the Write head in the IRG which precedes a record that is to be replaced with 


an equal length but updated record. BOT automatically halts backspacing. 
4.3.3 WRITE, ERASE 3-iINCH GAP, AND WRITE FILE MARK COMMANDS 


The Erase 3-inch (7.62cm) Gap command can be performed alone or combined with the Write or 
Write File Mark command to cause a 3-inch (7.62cm) gap to be erased before the record or file 
mark is written. A Write command can be performed in the Edit mode (if the record to be replaced 
has first been backspaced over in the Edit mode to correctly position the head) to replace a record 


with an equal length record of updated information. 


4.3.4 REWIND AND OFFLINE COMMANDS 


The Rewind command causes the selected Tape Unit to rewind to Load Point (Beginning of Tape). 
The Formatter can optionally go Busy until the rewind is terminated (to provide a means of 


interrupting the Computer upon termination of the operation). 


The Offline command never sets the Formatter to the Busy state and may be sent to a selected 


Tape Unit even if the Tape Unit is performing a Rewind operation and is Not Ready. 


4.3.5 CLEAR COMMAND 


The Clear command can be used to clear the Command and Status registers and set the Formatter 
to initial conditions even if the Formatter is Busy. After the Clear command is executed, the 


Formatter returns to the Not Busy status. 

4.4 STATE FLOW 

The State Counter controls the conditions through which the Formatter is sequenced; therefore, 
the State Counter achieves the proper timing relationships for various operations. The State 
Counter operational flow is described in the following paragraphs. 


4.4.1 SIMPLIFIED STATE FLOW 


Figure 4-3 illustrates, in simplified form, the State Counts that the Formatter sequences through 


while executing its various operations. 


4.4.1.1 Initial Conditions. The Formatter is in Rest State O at initial conditions. The Strobec 


command clock is rejected if the command is not valid. If CBUSY is not set by a valid command, 


then one of the following commands must be entered: 


A. Offline 
B. Rewind (without interrupt) 
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Figure 4-3. Simplified State Counter Flow Diagram 
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If either of these commands is entered, the command is executed but the Formatter remains in 
State 0. If CBUSY is set, then a Rewind or Clear command causes the Formatter to enter State 7 
until the rewinding status signal is false. At this time, CBUSY is cleared and State 0 is reentered. 
For a Clear command (since the Rewind status bit is never true), CBUSY is cleared almost 
immediately. Any other command causes one of the two Predelay States to be entered. State 1 

is normally used, but State 2 is used when the Formatter is at BOT or when a 3-inch (7.62cm) gap 
command is executed. The appropriate motion signal (SFC for forward motion, SRC for reverse 
motion) is activated at this time. The Predelay States are used to erase a 3-inch (7.62cm) gap or 


part of the [RG when writing, and to allow sufficant time for the Tape Unit to attain proper speed. 
4.4.1.2 Data Transfer 


The State 3 data transfer then takes place. For Write, the data is written until the HALT signal 
from the Controller terminates the record. For Erase, no data transfer is needed so State 3 is 
terminated immediately and State 4 is entered. For Write File Mark, no data transfer actually 


occurs, but the Formatter writes the File Mark and the LRC character and then enters State 4. 


4.4.1.2.1 Delay. For dual-stack (Read-After-Write) Tape Units, the transition from State 3 to 
State 4 is delayed until the Read head detects the end of the record (the beginning of the RG) 

to allow the full record to be checked for no parity errors. State 4 Postdelay (in conjunction 
with the 0.2-inch (5.08mm)} distance the tape moves after the motion command terminates) is used 
to erase the first part of the IRG. 


4.4.1.2.2 Reading or Spacing. For Reading or Spacing operation, State 3 is maintained until 
the end of the record and the IRG is reached. For reading, the Controller HALT signal terminates 
actual data exchange. For reading or spacing, the State 4 Postdelay (in conjunction with the 
fixed 0.2-inch (5.08mm) distance the tape moves when halting after the motion command 


terminates) is used to position the tape under the head in the correct position in the [RG to allow 


The Data Busy (DBY) signal is active only 


for a subsequent Write or Read operation. 


during States 3 and 4 while the motion signals 
to the Tape Unit are active from the beginning 
of the Predelay State through the Postdelay 
State. 
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4.4.1.2.3 HALT Delays. After the Postdelay occurs, one of the forward/reverse HALT delays 
(State 5 or 6) is entered to ensure that the tape is allowed sufficient time to come to a halt in the 
IRG. At the termination of the Halt Delay signal, CBUSY is cleared (to signal the Computer that 
the next command can be executed) and Rest State 0 is entered. 


4.4.1.2.4 Special Exit, The Special Exit from State 5 or 6 allows continuous writing or reading 
without stopping in the 1RG. Therefore, the Special Exit optimizes the efficiency of data transfer. 
Since the Start/Stop characteristics of the Tape Units are ramp-like, the gap-traverse time is twice 
as long if the next command is delayed until the tape has completely halted (compared to On-the- 
Fly operation). With CBUSY active in any other State, any command except Clear is rejected. 


4.4.1.2.5 Restrictions. The Computer can accomplish On-the-Fly Write or Read operations by 
initiating the next command when DBY terminates at the end of State 4, rather than waiting until 
CBUSY terminates; however, there are certain restrictions on this type of operation. It is the 


responsibility of the Computer program to ensure compliance with the following restrictions: 


A. The next command must not switch from a Write or Write File Mark to a Space 
or Read, or vice versa. 

B. The next command must not change direction of motion. 

C. The next command must not be a Rewind or Offline command if the previous 


command was a Write or Write File Mark command. 


The Delay Counter is used in States 1, 2, 4, 5, 


and 6 to generate the prescribed delay times. 
4.4.2 DETAILED STATE FLOW 


Figure 4-4 shows the control over signals DBY and CBUSY, and motion commands SFC, SRC as 
well as the use of the Delay Counter. In addition, the IRG detection exit from State 3 is detailed 


f 


as is the detour around State 4 Postdelay (to achieve minimum Postdelay) in certain cases. 
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Figure 4-4. Detailed State Counter Flow Diagram 
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4.5 COMMAND EXECUTION AND TIMING 


The following main commands and their associated timing diagrams are discussed step-by-step 


in the succeeding paragraphs: 


A. Clear 
Rewind (with interrupt) 
Write file mark (7-track) 
Write file mark (9-track) 


Backspace 1 record 
Write 1 record (7-track) 
Write 1 record (9-track) 

|. | Read 1 record (7-track) 

J. Read 1 record (9-track) 

K. Erase 3-inch (7.62cm) gap. 


B 
C 
D 
E. Forward space 1 record 
F 
G 
H 


4.5.1 CLEAR COMMAND FUNCTION 


The Clear command terminates any motion command and resets the Formatter to initial con- 
ditions. CBUSY sets and then resets after the Clear command is complete. This signifies the 
Formatter is ready for the next command. The timing diagram for the Clear command is shown 


in Figure 4-5. 


The Clear command is included mainly to allow diagnostic programs control over a faulty For- 
matter that does not halt the Tape Unit. This command must not be used to halt any Write or 

Read operation, because it does not halt the head at the correct point in the IRG and the CRC/ 
LRC characters cannot then be written or read. The System Reset (SRS) pulse resets the Status 


register upon acceptance of a valid command. 
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Figure 4-5. Clear Command Timing Diagram 
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4.5.2 REWIND COMMAND (WITH INTERRUPT) 


Neither the Offline or Rewind command can set CBUSY if the Rewind Interrupt is jumpered 
out. In this event, the commands are passed on to the selected Tape Unit as a pulse. If jumper 

E1 to E2 is missing on the NRZI Control board (Assy. 201659), then CBUSY is set for a Rewind 
command and resets when the Rewind command is completed. This signals the Computer that 


the next command can be accepted by the Tape Unit. 


Figure 4-6 illustrates the timing of the Rewind command with Interrupt. When the Controller 
generates the STROBEC pulse while SET REW is high and the Formatter is not busy, the 


command is accepted and the VLD pulse is generated. 


The REW F-F is set to store the Rewind command. When the STROBEC clock pulse terminates, 
the Rewind command is generated to the selected Tape Unit (signal RWC). When the Tape Unit 
responds that it is rewinding (signal REWINDING) the REW F-F is reset and the Formatter 
RWDG status bit is set. The Tape Unit goes not ready (RDY) during a rewind. Since the Tape 
Unit rewind terminates before the Tape Unit returns to load point and becomes Ready again, the 
RWDG status bit is interlocked to wait until the Tape Unit goes Ready (RDY). The SRS pulse 
resets (clears) the Status register upon acceptance of a valid command. CBUSY* is reset to signal 


that the operation is complete. 
4.5.3 WRITE FILE MARK COMMAND (7-TRACK) 


When signal SET WFM is high during the STROBED clock pulse, the WFM command register 

F-F is set to initiate a Write File Mark command. The SRS pulse is also generated to reset the 
Formatter to initial conditions. The CBUSY F-F is set by the VLD clock, and the SEC command 

is activated to start the tape moving in the forward direction. The Write amplifiers in the selected 
Tape Unit are enabled and the WARS signal is high. Command register F-F WFM also sets the 
selected Tape Unit to the Write mode via the SWS signal. The Predelay signal delays writing of 

the file mark character until the Tape Unit is up to speed and has generated a portion of the 
required IRG. If the Tape Unit is at BOT when the Write File Mark command is generated, the 
Predelay period is longer to cause a 3-inch (7.62cm) gap to be erased before the file mark is written. 
The Enable Write Data Request (EWDR) F-F is set upon the termination of the Predelay signal. The 
Write Data Clock (WDCL) F-F is set one write-clock period later, and is gated to set the Enable 
Blank Character Counter (EBCC) F-F. The EWDR F-F is immediately reset. This causes F-F 
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Figure 4-6. Rewind Command Timing Diagram 
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WDCL to be reset one write-clock period later; thus, only one Write Data Strobe (WDS) pulse is 
generated to the selected Tape Unit. The Command register F-F WFM gates the file-mark code 
onto the data bus. The timing diagram for the Write File Mark command is shown in Figure 4-7. 


4.5.3.1 Blank Character Count. The blank character counter (comprised of F-F’s CC1, CC2 
and CC4) begin counting from the occurrence of the Write File Mark clock to cause the WARS 
F-F’s to be set which resets the Tape Unit Write Amplifier F-F’s to cause the LRC character to be 
written. The Tape Unit continues running in the forward direction until the File Mark passes 

under the Read head so that the file mark and LRC character can be checked for vertical parity 
and longitudinal parity. The time interval (in milliseconds) between writing the File Mark and 
reading back the File-Mark character, is equal to 150 divided by the tape speed in inches-per- 
second (ips) or 2.54 centimeters per second. As the timing diagram illustrates, the read data strobe 
(RDS) occurs, and 8 character times later (for 9-track Tape Units), the LRC character Read Strobe 
occurs. The LRC character occurs 4 character times later for 7-track Tape Units. The RCAS is set 
upon detection of the first RDS pulse and times out 2- or 3-clock periods later. While the RCAS 
circuit is active, the character parity is checked. 


4.5.3.2 Delay Counter. The Delay Counter is reset by each Read Strobe and then times out 
a delay interval after the last Read Strobe; therefore, the Delay Counter performs the task of 
RG detection. Upon termination of the Delay Counter time out, the STOP pulse is generated 
and used to check for an LRCC error in the previous record. The STOP pulse is also used to 
trigger the State 4 Postdelay circuits (S4). When the Postdelay terminates, the SFC signal is 
terminated and the State 5 Halt Delay is entered. The Halt Delay ensures that the Tape Unit is 
guaranteed to have ceased all motion in the IRG. If the next command is to be a Write-type 
command, then the IRG can be erased On-the-Fly at full tape speed without stopping in the IRG 
by issuing the command after DBY terminates rather than waiting until CBUSY terminates. 
Status is valid after DBY terminates; therefore, the status can be checked before the next 
command is issued. 
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Figure 4-7. Write File Mark Command Timing Diagram (7-Track) 
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4.5.4 WRITE FILE MARK COMMAND (9-TRACK) 


Writing a File Mark in 9-track mode is similar to the 7-track mode, except 8 character times 
separate the File Mark and the LRC character. 


Effectively, there is an all-zeros CRC character 
because in data records the CRCC occurs at the 
fourth character time; then four character times 
later the LRCC is written. 


4.5.5 FORWARD SPACE/RECORD COMMAND 


When the term SET FSR and the STROBEC pulse are simultaneously high, the SFC signal is 
activated to move tape forward as shown in Figure 4-8. The VLD and SRS pulses are generated 


to reset the Formatter and initiate the Space Forward operation. 


The Space Forward Command results in spacing 
over ONE record if signal STOP SPACE is open- 
circuited or at the high level. !f multiple records 
are to be spaced over, STOP SPACE must be 
held low until the leading edge of the RCAS sig- 
nal occurs for the last record. The RCAS signal 
may be used to count records to determine when 
the last record to be spaced over is reached, but 
the leading edge of the RCAS signal should be 
used to provide control over signal STOP SPACE 
as indicated. The FM status signal and EOTS 
status signal may also be used to switch STOP 
SPACE high so that a File Mark or the End-of- 
Tape can halt the multiple record spacing opera- 
tion. For multiple spacing operations, CBUSY 


remains low until the final record has been passed. 


4-30 


STROBEC 


n 
nn 
a 


SRS 


PREDELAY 
(S1) 


POSTDELAY 
(S4) 


HALTDELAY 
(S5) 


(RDS) 
READ STROBE 


READ CLOCK 
ACTIVITY 
SENSE (RCAS) 


DELAY 
COUNTER 
TIME OUT 


(STOP) 
CHECK LRCC 


WAN-0078 


en ce nr 


CRCC LRCC 
—<——— hie a Oe 


: CHECK CHAR 
PARITY 


eS RR Seen nen 


ee 


1. CRCC MAY BE MISSING FOR 9-TRACK TAPE UNITS AND IS ABSENT ON 7-TRACK TAPE UNITS. - 
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The Predelay allows the Tape Unit to attain proper speed before allowing Read Strobe pulses to 
be accepted. The Read Strobe pulses activate RCAS to enable parity checks to be made while 
spacing. When the record is past, the Delay Counter times out to detect the IRG; then the LRCC 
check is made. After the DBY signal terminates, status can be checked and the next command 
can be issued (if a Read or Space Forward) to accomplish On-the-Fly operation. If no new 


command is issued at this time, the normal Halt Delay sequence is entered. 
4.5.6 BACKSPACE/RECORD COMMAND 


The Backspace command is similar to the Forward Space command, except the LRC/CRC char- 


acters occur first (ref. figure 4-8). 
4.5.7 WRITE ONE RECORD COMMAND (7-TRACK) 


The Write One Record command causes the Tape Unit to turn on the Write current, enable the 
Write amplifiers, attain proper speed, generate a portion of the IRG, then request output data 
transfers from the Controller as shown in Figure 4-9. The requested data characters are written 
on tape until a HALT signal is generated by Controller logic. The HALT signal terminates the 
record by writing the CRC character (9-track Tape Units only) followed by the LRC character. 
The Tape Unit Read-After-Write head enables parity checks to be performed upon the record 
that has just been written. After the parity checks are completed, the Tape Unit erases a portion 
of the next |RG and is then commanded to halt. After sufficient time has elapsed to ensure that 
tape motion has completely stopped, the completion of the Write One Record command is 
signaled when CBUSY terminates. On-the-Fly generation of the IRG without stopping may be 
accomplished by checking status at the termination of signal DBY and immediately issuing the 
next Write, Erase or Write File Mark command. The Write mode is set by the command clock 
(VLD) to initiate the Write One Record command. The System Reset (SRS) pulse is also gen- 
erated by VLD to reset the Controller to initial conditions. The CBUSY F-F is set by VLD to 
initiate the Write One Record command. The Synchronous Forward SFC signal is then sent to 


the Tape Unit to initiate forward motion. 
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Figure 4-9. Write One Record Command Timing Diagram (7-Track) 
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4.5.7.1 Predelay Time Out. After the Predelay (S1, S2) times out, the EWDR F-F is clocked 
set to begin writing the record. Predelay erases the last portion of the IRG as the Write current is 
on for this period. The WDCL F-F is clocked set one clock time after the EWDR F-F. This enables 
Write Data Strobe (WDS) pulses to be generated to the Tape Unit. 


4.5.7.2 Data Flag. The first Data Flag signal is sent to the Controller. When the Controller 
has the first character ready to transfer, it generates the W/R ACK pulse which stores the first 
output character in the Formatter Write Data Register and clears the Data Flag. The fi rst WDS 

is then generated by the next WCLP signal to clock the character stored in the Write Data Storage 
Register onto the magnetic tape. At the trailing edge of the WDS pulse, the Data Flag is set to 


request the next character from the Controller. 


4.5.7.3 CRC Generator Register. The WDS pulse is OR gated with an extra CRC clock- 
generation signal to clock the CRC Generator Register (ref. logic diagram 416) to begin calculation 
of the CRC character. The CRC Generator Register is initially reset. The CRC Generator Register 
then monitors the Write Data output bus to generate a check character that is unique for the data 
characters written on tape. If the output data character is not transferred to the Controller before 
the next WDS pulse occurs, a timing error status bit is set. The sequence of Data Flag—W/R ACK— 
WDS continues until the HALT signal is generated by the Controller to terminate the writing. The 
HALT signal sets the enable-blank-character-counter (EBCC) F-F. The EBCC F-F enables the 
‘Blank Character Counters CC1, CC2, and CC4, disables the Write contro! F-F’s, and resets the 
Write Most Significant Byte (WRMSB) F-F. 


4.5.7.4 Blank Character Counters. The Blank Character Counters control the generation of 


the CRC and LRC characters to generate the end of the record. These counters are decoded in the 
9-track mode to create an extra CRC clock and to gate the contents of the CRC generator onto 
the Write Data output bus. The contents of these Blank Character Counters are also decoded to 
set the WARS F-F which in turn resets the Write Amplifiers via the WARS signal. This generates 
the LRC character. 
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4.5.7.5 Parity Check. The Tape Unit continues motion in the forward direction so that the Read- 
After-Write head can check parity of the entire record. The Read Data Strobe (RDS) pulses trigger the 
Read Clock Activity Sensor circuit (1-RCAS) which defines the characters that are to be checked 
for vertical parity. Two or three clock periods after the last character in the record is read, the 
RCAS signal terminates and vertical parity checking is disabled. The Delay Counter times out 
after the LRC character is detected at the end of the record to provide detection of the IRG. The 
STOP pulse is then used to check for an LRC error. The Postdelay time out interval ensures that 

a sufficient portion of |RG is erased in the forward direction after a record is written. This enables 
the Tape Unit to start in the reverse direction and attain proper speed for a backspace Read 
operation. At the end of the Postdelay, the SFC command terminates and the Halt Delay begins 
timing out to ensure the tape has come to a complete halt before CBUSY terminates. For con- 
tinuous On-the-Fly writing (no stopping in the |RG), the status can be inspected after DBY 


terminates; then a Write, Erase, or Write File Mark command can be immediately issued. 
4.5.8 WRITE/RECORD COMMAND (9-T RACK) 


Writing in the 9-track mode is similar to that of the 7-track mode (ref. figure 4-9), except there is 
a Cyclic Redundancy Check Character (CRCC) written four character times after the end of the 
record; the CRCC is then followed by the Longitudinal Redundancy Check Character (LRCC) 
four character times later. 


4.5.9 READ ONE RECORD COMMAND (7-TRACK) 


The Read One Record command is initiated when the SET RCC and the STROBEC pulse are 
simultaneously high as shown in Figure 4-10. VLD sets the RCC F-F in the Command register. 
SRS is generated by the VLD clock to reset the Formatter to initial conditions. The SFC command 
and the CBUSY signal are activated at the same time. After a Predelay interval to allow the tape 
to attain proper speed, Read Data Strobe pulses to the Read logic are enabled. The first Read 
Data Strobe pulse that occurs sets the data gate (DGATE) F-F and triggers RCAS. The trailing 
edge of the first Read Data Strobe pulse sets the First Character Detect (1st CH) F-F which, in 
turn, disables any further Read Data Strobe pulses from setting the DGATE F-F. When the end 
of the record is reached, the RCAS circuit times out two or three character times later. This 
resets the DGATE F-F if the Computer has not already terminated data transfer (via the HALT 
signal). 
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Figure 4-10. Read One Record Command Timing Diagram (7-Track) 
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4.5.9.1 Read Data Transfer. During the interval when the DGATE F-F is set, data transfer 
takes place. During the time that RCAS is set, the characters are checked for parity. The CRC/ 
LRC characters are not checked for parity. If the HALT signal occurs before the end of the record, 
the DGATE F-F is reset to terminate Data Flag requests. 


The dashed line signals of figure 4-10 annotated 
by Note 1 illustrate that if the HALT signal is 
missing, the fifth tape character shown on the 
timing diagram is input to the Computer and 
the DGATE F-F does not reset until the RCAS 
circuit times out at the end of the record. The 
dashed waveforms annotated by Note 2 in- 
dicate that the Data Flag operates for the CRC 
and LRC characters when the record is read in 
the Test Read mode. 


4.5.9.2 Timing Out. The Test Read mode is provided so that the CRC/LRC characters can 

be read into the Computer for diagnostic purposes. Regardless of whether the Read One Record 
command is or is not terminated by a HALT, tape motion continues until the |RG is reached, at 
which time the Delay Counter begins timing out. When the IRG is indicated by the Delay Counter 
time out, the LRC check logic is strobed by the STOP pulse and causes the parity error status 

F-F to set if an LRCC error exists. The Postdelay interval is then entered (S4) at the end of which 
the SFC command to the Tape Unit is terminated. The Halt Delay (S5) then begins timing out 

to delay reset of the CBUSY signal until the Tape Unit has completely halted all tape motion. If 
continuous read (no stopping in the |RG) is desired, then termination of DBY can be used to 
signal that status is ready to be checked so that if the next command is for a Read or Space 


operation in the same direction it can be immediately issued. 
4.5.9.3 Read Data Transfer Sequence. The signals for Read Data transfer are processed in 
the following sequence: 


A. Pulse RSTROBE indicates Read data are being stored in the Formatter Read 
Data Register. The Read data are settled by the end of the pulse. At the trailing 
edge of the pulse, DATA FLAG is set. 
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B. When DATA FLAG goes low, a Read data transfer is requested. 
After the Computer has accepted the data, pulse W/R ACK must be issued to 
clear the Data Flag. 

D. The HALT signal (or the detection of the |RG) resets DATA GATE to ter- 
minate Read data transfer requests. HALT should be presented with the last 
W/R ACK pulse (or shortly thereafter). 


The DATA FLAG signal reset has a built-in delay from the W/R ACK pulse such that the DATA 
FLAG signal can be gated to form the W/R ACK pulse when designing a Controller that packs 
two tape characters into one Computer word. Normally, a pulse from the Computer is used to 
generate the W/R ACK signal. 


4.5.9.4 Toggle F-F. The leading edge of the RSTROBE pulse may be used to toggle a binary 
F-F on the Controller to determine whether the tape character is odd or even for Packing purposes. 
By using the leading edge, the toggle F-F can be gated with DATA FLAG to form the W/R ACK 
pulse on the odd characters while storing the odd characters in a Controller register. The toggle 

F-F can then be checked at the CKWDCNT pulse time to detect an odd number of characters in 
the record; i.e., to force a data transfer to the Computer for the extra odd character because 
Packing logic normally expects an even number of characters. In this way, a data transfer to the 


Computer normally occurs after every even character. 

4.5.10 READ ONE RECORD COMMAND (9-TRACK) 

The Read One Record (9-track) command is similar to the Read One Record (7-track) command, 
except that there can be a CRC character as well as a LRC character. The CRC character can be all 
zeros but there is always an LRC character (ref. figure 4-10). 


4.5.11 ERASE 3-INCH GAP COMMAND 


Timing for the Erase 3-Inch (7.62cm) Gap command is similar to the Write File Mark timing, 


except S2 operates the Predelay and no writing occurs (ref. figure 4-7). 
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4.6 CONTINUOUS (ON-THE-FLY) WRITE OR READ 


Continuous Write allows the IRG to be generated at fully rated tape speed. If successive Write 
commands are based upon the termination of the CBUSY command (as is normal) then the tape 
comes to a full stop in the !RG. Similarly, continuous Read or Space allows the IRG to be 
traversed at fully rated tape speed. Data transfer cannot take place in the IRG, because this mode 
of operation optimizes the usage of the Tape Units by minimizing the amount of dead time. To 
obtain continuous On-the-Fly operation, the DBY signal may be used instead of the CBUSY signal 
as long as the following conditions are met: 


A. The next command may not switch from a Read mode to a Write mode or 
vice versa. 

B. The next command may not switch tape direction. 

C. A Rewind or Offline command may not follow a Write or Write File Mark 


command. 


A Write or Write File Mark command can follow a Write or Write File Mark command as soon as 
DBY terminates rather than waiting until signal CBUSY terminates. Similarly, a Read or Space 
Forward command can follow the same type command upon termination of DBY. A Read or 


Space Reverse command can follow the same type command upon termination of DBY. 
4.7 OPTIONS 


The following field-changeable options are provided in the Formatter: 


A. Tape Speed Selection 
7-Track Density Pairing (800/556; 556/200; 800/200 Selection) 
Single/Dual Head Stack Selection 
BCD 10 to Zero Conversion (for Reading 7-track, Even Parity Tapes) 


B 
Cc 
D 
—. Zero to BCD 10 Conversion (for Writing 7-track, Even Parity Tapes) 
F. Write and Read 7-track File Mark Code on 9-Track Tapes 

G. No Parity Error for File Mark 

H. No Interrupt for Rewind Command 


| Formatter Address Selection 

J Disable Manual Control 

K. Manual Control of Density while MODE Switch Defines How Parity is Controlled 
L. Automatic Selection of ODD Parity when a 9-Track Unit is Selected 
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4.7.1 TAPE SPEED SELECTION 


The Tape Speed Selection option allows selection of any two tape speeds, by providing control 
over the Tape Speed Clock and Write Clock Generators (F-F divider chains). The selection is 
accomplished by controlling the division modulo of the F-F divider chain by loading the negative 
2‘s complement of the divisor (divisor -1), whereupon the counter counts up to zero recycle. Chip 
position F5 on the Clock Generator card assembly is provided as a plug-in wire-wrap socket for 
this purpose. Input Pins 1, 2, 3, and 4 represent the four Tape Units A, B, C, and D, respectively. 
All Tape Units at speed 1 must have their input pins bussed together (call this bus 1) and all Tape 
Units at speed 2 must have their input pins bussed together (call this bus 2). To obtain the desired 
division ratio, Bus 1 must then be jumpered to Field 1 pins 5, 6, 7, 8, and 9 as indicated in Table 
4-4. To obtain the second desired division ratio, Bus 2 must be jumpered to Field 2 pins 11, 12, 
13, 14, and 15 as indicated in the table. These connections are shown in Figure 4-11. All re- 


maining pins in Fields 1 and 2 must be jumpered to pin 16. 


Column 5 in table 4-4 gives the frequency of the 
Speed Clock used by the Delay Counter for time 
interval calculations. Columns 6, 7, and 8 give the 
Write Clock frequency for the tape speed. The 
Write Clock frequency depends on the bit packing 
density of the selected Tape Unit. 


4.7.2 7-TRACK DENSITY PAIRING 


The Formatter is configured to operate at 800 BPI with no jumpers in the Density Field on the 
Clock Generator card assembly or when a 9-track Tape Unit is selected. Different pairs of den- 
sities can be selected for different 7-track Tape Units; i.e., Tape Unit A could be 800/556 BPI; 
Tape Unit B could be 556/200 BPI; Tape Unit C could be 800/200 BPI; and Tape Unit D could 
be 800/556 BPI. The H pin for each 7-track Tape Unit must be jumpered to the 556 bus if the 
higher density of the pair is 556 BPI. The H pin can be ignored if the higher density is 800 BPI. 
The L pin for each 7-track Tape Unit must be jumpered to the 556 BPI or to bus the 200 BPI 
bus. This depends on the lower density of the pair. Figure 4-12 shows an example of density 


selection wiring. 
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TABLE 4-4. Tape Speed Selection (Continued) 


Tape Speed Division NEG.2’s BINARY BIT WEIGHT SPDCLK 
Complement 146 8 4 2 #1 FREQ KHz eae 
FIELD 1 PINS (F5) (PIN D5-11) (PIN D5-5) 
9 8 7 6 5 


FIELD 2 PINS (F5) 
15 14 13 12 11 


| (ps) | (CMPs) 
a ee ee 

eae Rea aT ee 

56.25 |142.875 ie -3 

45 (1114.3 —4 01100 

ed 


32.14 | 81.6356 
28.125] 71.4375 
25 : 


40.8178 
38.1 

35.7124 
33.6042 


Oo 
—_ 
wore 
—_ 
| 
oa 
N 
oO 
[22] 
ol 
~“ 
o1 


=O00Gd C00 O|/000 
=oo0000000 
=9O0002 24-3 
2=O0--00-— 
=O-0-0-02 


Aa 


TABLE 4-4. Tape Speed Selection (Concluded) 


Tape Speed Division NEG.2’s BINARY BIT WEIGHT SPDCLK 
Ratio Complement 1468 42 1 FREQ KHz WRITE CLOCK 
FIELD 1 PINS (F5) PIN D5-11) FREQ, KHz 

9 8 7 6 5 
FIELD 2 PINS (F5) 
15 14 13 12 11 


(IPs) | (CMPS)_ 


30.0736 
28.575 
27.178 
25.9588 
24.638 
23.8252 
22.86 
21.844 
21.082 
20.3962 
19.7358 
19.05 
18.288 
17.8562 


800 BPI {556 BPI 200 BPI 


1. In Col 4, pins marked ‘‘0’’ must be jumpered to Bus 1 or 2, pins marked ‘’1’’ must be jumpered to Pin F5-16 to enable. 


ee ee Se ee ee ee re ee ee ee 
oo0qor-e-f--]-|"ocd§}§ceoor - — 
o-+-"00]-" =? OC] = ado 
-? OF OfF OF OF 0O/-/ OH 0 


oooqoqo0qoo0oe-;- - = = = = — 


NOTES: 


2. Standard tape speeds are underlined. 
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All Tape Units at 25 ips (63.5 cm/sec) 
EXAMPLE A 
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SELECT D-—4 >>0—< 4 a 4," > 
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Tape Units A and B are 75 ips (190.5 cm/sec) 
Tape Units C and D are 12.5 ips (31.75 cm/sec) 
EXAMPLE B 


NOTES A\=Bus1; A- Bus 2; A- Field 1; /A\ = Field 2 


I 
len 
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Figure 4-11. Tape Speed Selection Examples 
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EXAMPLE FOR: BH 


Tape Unit A = 9-Track 800 BPI Oo” = 
Tape Unit B = 7-Track 800/556 BPI 200 BUS 

Tape Unit C = 7-Track 556/200 BPI ‘on oS 
Tape Unit D = 7-Track 800/200 BPI oon Soa 


556 BUS 


Figure 4-12. Density Selection Wiring Example 


4.7.3 SINGLE/DUAL STACK HEAD SELECTION 


The Formatter is configured so that if no jumpers are used in the SS/DS Head Selection Field, the 
Dual-Stack (Read-After-Write) configuration is in effect. Jumpers must be used only for Tape 
Units (A, B, C, or D) that are single-stack head units. The SS/DS Head Selection Field is located 
on the Control Board assembly number 201659 near chip position G7. Bus 603 must be jumpered 
to points A, B, C, or D for single-stack Tape Units correspondingly designated A, B, C, or D. If 
Tape Units are equipped to report Single-Stack Status, then E617 may be jumpered to E603 for 
Tape Unit control of Single-Stack logic. 


4.7.4 BCD 10 TO ZERO CONVERTER (READ) 


The Formatter is configured to convert BCD 10 (Octal 12) to zero when reading 7-track tapes in 
the even parity mode if no jumper is inserted between E604 and E605 on the Control Board 
assembly. Insertion of the jumper from E604 to E605 causes the BCD 10 to be read without 
conversion to the Controller. The BCD 10 code is equivalent to a 1 bit on lines R4 and R6, anda 
0 bit on lines R2, R3, R5, R7 and RP. 
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4.7.5 ZERO TO BCD 10 CONVERTER (WRITE) 


The all-zeros code is automatically converted to the BCD 10 code when writing on a 7-track Tape 
Unit in the even parity mode if there is no jumper between E623 and E624; thus, there must be 
at least one track with a 1 bit in it to generate a Read Data Strobe pulse when reading back. 


The BCD 10 code is forbidden as an industry 
standard when writing on 7-track tapes in the 
even-parity mode unless the program is con- 


structed to handle the following items: 


@ Conversion of BCD 10 to zero upon writ- 


ing (no jumper between E604 and E605). 


® Conversion of zero to BCD 10 upon read- 
ing (with jumper between E623 and E624). 


4.7.6 7-TRACK FILE MARK CODE WRITE/READ ON 9-TRACK TAPE UNIT 


The Formatter is configured to Write/Read normal File Marks (Octal 23) with 9-track Tape Units 
when no jumper is installed between E608 and E609 on the Control Board assembly. With the 
jumper installed, a dummy 7-track code File Mark (Octal 17) is written and checked to provide 


compatibility with existing computer software. 

4.7.7 NO PARITY ERROR FOR FILE MARKS 

The Formatter is configured to indicate a parity error when reading a 7-track File Mark in the 
odd parity mode, or when reading a dummy 7-track File Mark on a 9-track Tape Unit (with no 


jumper installed between E606 and E607 on the Control Board assembly). With the jumper 
installed, the parity error indication is disabled. 
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4.7.8 REWIND INTERRUPT 


The Formatter is configured to set CBUSY when the Rewind command is issued if no jumper is 
present between E601 and E602 on the Control Board assembly. CBUSY resets when the Rewind 
operation is completed. This provides a signal to the Controller to indicate the next command can 
be accepted. If jumper E601 to E602 is present, CBUSY does not set for a Rewind command. 


4.7.9 FORMATTER ADDRESS SELECT 


The Formatter is configured to always be selected if no jumper is placed in the Formatter Address 
Select; therefore, if a single Formatter is used, no jumper needs to be used. Table 4-5 lists the 


jumper connection required for various addressing schemes. 


TABLE 4-5. Formatter Address Selection 


Formatter Jumper 
Address Configuration Remarks 


None 
E611 to E612 
E610 to E612 
E616 to E612 


Formatter always selected 

FAD1 signal High 

FAD1 signal Low 

NRZ signal Low (Tape Unit Selects 
Formatter) 

Hi Density signal High (Controller 


E632 to E612 
and 
E631 to E629 
{remove 
E629 to E630) 


NOTE: Only one of these jumper configurations may be installed. 


Selects Formatter and Tape Unit 


with Density Line) 
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4.7.10 DISABLE MANUAL CONTROL OF PARITY AND DENSITY 


To disable manual control so that Controller signals always control parity and density, establish 


the following jumper configurations on the Control Board assembly: 


A. Remove the jumper between E621 and E622. 
B. Add jumpers from E618 and E619 to E620. 
C. Adda jumper between E629 and E630. 


4.7.11 DISABLE REMOTE CONTROL OF DENSITY 


To allow manual or remote contro! over parity selection while allowing density selection to be 
controlled from only the front panel density switch, the Controller must supply a Low (gnd) 
signal for Hi Density on pin 77 and the Main Board assembly must have the following jumper 


configuration: 


A. Jumpers from E618 and E619 to E620. 
B. No jumper between E621 and E622. 


4.7.12 NORMAL REMOTE/MANUAL CONTROL OF DENSITY AND PARITY 


The Normal Remote/Manual mode of operation is most commonly used to control density and 
parity. This mode is established by the following jumper configurations on the Control Board 


assembly: 


Remove jumpers from E618 and E619 to E620. 
Connect jumpers between E619 and E620, E621 and E622, and E629 and E630. 
Connect a jumper between E625 and E626 (only if automatic selection of the 


@ 


odd parity mode is desired when a 9-track Tape Unit is selected). 


4.7.12.1 Remote Mode. In Remote mode, the Hl DENSITY and GEN ODD PARITY signals 
from the Controller control the 7-track density and the 7-track or 9-track parity selection, 
respectively. 


4.7.12.2 Manual Mode. In Manual mode, the DENSITY and PARITY switches on the OCP of 
the Formatter control 7-track density and parity, respectively. 
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4.7.13 JUMPER FUNCTIONS SUMMARY 


Table 4-6 lists a summary of all jumpers, their functions, and the related logic schematic drawing. 


TABLE 4-6. Jumper Functions 


Schematic 


E601 to E602 No Interrupt for Rewind 

E603 to A,B,C,D Single-Stack Head Designation 

E603 to E617 Tape Unit Selection of Single-Stack Logic 

E604 to E605 Disable BCD 10 to Zero Conversion (Read) 

E606 to E607 Disable Parity Error for File Mark 

E608 to E609 Enable Write 7-Track File Mark Code in 9-Track Mode 
E610 to E612 Enable Formatter Address ONE 

E611 to E612 Enable Formatter Address ZERO 

E615 to E612 Not Used 


E616 to E612 Enable NRZ Selection of Formatter 


E632 to E612 Enable HI DENSITY Selection of Formatter (Remote 
Density Select) 


E613 to E614 Deleted if Dual Density (PE/NRZI) Formatter 


E618, E619, E620, 
E621 and E622 (Ref. paragraphs 4.7.1 through 4.7.2 ) 


E623 to E624 Disable Zero to BCD 10 Conversion (Write) 

E625 to E626 Enable Automation Selection of ODD Parity for 9-Track 
E629 to E631 Enable Remote Density Select 

E501 to E503 0.150-inch (3.81mm) R/W Head Gap 

E502 to E503 0.300-inch (7.62mm) R/W Head Gap 


COSISIISIICCEELECOOO 


4.8 DELAY TIMES 


The state flow diagrams (ref. figures 4-3 and 4-4) show three principal delay times: 


A. Predelay 
B. Postdelay 
C. Halt Delay 
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4.8.1 PREDELAYS AND POSTDELAYS 

The Predelays and Postdelays are used to erase portions of the |RG (when writing) or to erase 

tape. When reading, they are used to correctly position the tape under the head in the IRG so that the 
subsequent record can be either a Read or a Write operation. 


4.8.2, HALT DELAY 


The Halt delay is also used to erase part of the 1RG when writing and provides sufficient time to 


ensure that the Tape Unit is completely stopped (after the motion signal is terminated). 


4.8.3 ' DELAY TIME FACTORS 


The following factors determine the times of the various delays: 


A. Number of tracks (7 or 9) 


B. Tape speed 
C. Number of heads (single or dual) 
D. Motion direction (forward or reverse) 
E. Starting point (beginning of tape or not) 
F. Type of command (Write or Read) 
G. Type of mode (Edit or not) 
4.9 POWER SUPPLY 


The power supply (WANGCO PN 201581) is an integral assembly of the Formatter and furnishes 
all operating voltages required by the Formatter electronics. Selectable taps on the primary 
winding of the transformer enable operation from any of the following 48 to 62 Hz line voltages: 
100V, 110V, 115V, 120V, 125V, 200V, 220V, 230V, 240V, or 250V, at 160W. Application of 
AC input power is controlled by a switch/indicator pushbutton (S101) mounted on the OCP at 


the front panel of the Formatter. The power supply provides the following outputs: 


A. Unregulated, +13V (nominal) 
B. Regulated, +5V, 9A 


The reguiated +5V circuitry includes foldback current limiting, overvoltage protection, and reverse 


voltage protection. Fuses provide additional protection against overload. 
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4.9.1 PHYSICAL DESCRIPTION 


The power supply consists of four major assemblies which support various subassemblies and 


components: 
A. Chassis 
B. Back panel 
C. Side panel 
D. Circuit board 


The chassis contains the power transformer, high-current rectifiers, a filter capacitor, heatsink- 


mounted power transistors, an SCR, the circuit board, and terminal block TB1. 


Terminal block TB201, and fuses F201 and F202 are mounted in the back panel. AC line-power 
input is terminated at TB201. 


The side panel supports a blower fan and terminal block TB202. This panel is mechanically inter- 
connected to the chassis and back panel. AC power is routed from TB201 via F201 to TB202, 
where it is distributed to power switch S101 (on Formatter front panel), blower fan B101, and 


power transformer T1 via TB1. 


TB202 terminates a voltage from circuit board connection J4/P4 which is routed to the power-on 


indicator lamp in switch/indicator S101. 


4.9.2 CIRCUITRY DESCRIPTION 


The power supply circuitry provides regulated and unregulated voltages, and various protective 


circuits. 


4.9.2.1 Voltage Outputs. DC power for the Formatter is developed by a standard half-wave 
rectifier/capacitive filter circuit. The filtered voltage is regulated by the series-pass transistor of a 
complementary pair of power transistors, Q1 and Q2 (on the chassis). The base of Q1 is driven by 
integrated circuit (IC) regulator U1, and associated components, which establish the reference 
voltage. This regulator can hold a given voltage setting within +1% against variations in line 
voltage, load, and ambient temperature. The regulated voltage output of the power supply is 


maintained within a tolerance of +5% which includes line voltage-load-temperature variations, 
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component aging, and a 2% setting accuracy. The +5V regulated output is terminated at two 


locations on the circuit board: 


A. Pin 5 of J202 where it is distributed to the Formatter electronics via P202 
and associated wiring. 

B. Pin 1 of J4 where it is distributed, via TB202, to the power-on indicator lamp 
in $101 on the OCP at the Formatter front panel. 


The filtered, but unregulated +13V output of the power supply is terminated on the circuit 

board at pin 3 of J202 where it is distributed to the Formatter electronics via P202 and associated 
wiring. This voltage ranges from +13V (high line voltage, minimum load) to +9V (low line voltage, 
maximum load). The power supply ground is terminated on the circuit board at pins 1 and 2 of 
J202, and at pin 3 of J4. 


4.9.2.2 short Circuit Protection. This circuitry is of the foldback, current-limiting type; 
therefore, a short circuit at the output can be safely sustained for an indefinite time. Tolerance 
on the foldback knee ensures that regulation is maintained with load currents up to 9 amperes (A); 


however, load currents exceeding 9A can overstress the power supply. 


4.9.2.3 Overvoltage and Reverse Voltage Protection. Any overvoitage condition is detected 

by transistors Q1 and Q2 (on the circuit board) and associated components. Overvoltage applies 
forward bias to the emitter-base junction of Q1. The resulting current drive from Q1 attains unity 
gain in emitter-follower Q2 which fires SCR1. SCR1 then short circuits the unregulated voltage 

to ground. DC fuse F202 then blows and removes the regulator input voltage from U1. Protection 
against overvoltage, caused by malfunction of power transistors Q1 and Q2 (on the chassis) or 

IC regulator U1, is thus ensured. High-current diode CR3 (on the circuit board), which is connected 
between the unregulated input and regulated output, clamps externally applied overvoltages and 
produces up to 3A of steady-state current. Protection against reverse voltage, externally applied 

on the regulated +5V line, is provided by diode CR7 (on the circuit board). 
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SECTION 5 


MAINTENANCE AND TROUBLESHOOTING 


5.1 GENERAL 


This section provides brief maintenance recommendations for the WANGCO Model 511 NRZ! 


Formatter. 


5.2 MAINTENANCE 


Maintenance of the Formatter is based primarily on understanding the theory of operation 


(Section 4) coupled with the use of the logic schematics and engineering drawings. 


Removal and installation of Formatter assemblies, components, and detail parts for maintenance 


purposes is straightforward; however, some general notes and precautions are provided in the 


PRIOR TO REMOVAL OR INSTALLATIO®™ OF 
ANY FORMATTER POWER SUPPLY PARTS, 
ALWAYS DISCONNECT POWER CABLE FROM 
SOURCE. 


following paragraphs. 


The Formatter requires no adjustments. Additionally, there are no air filters to clean; however, 
the fan and the areas through which the air passes should be checked periodically to avoid re- 


strictions. 


5.3 GENERAL TROUBLESHOOTING 


With the top cover removed, all Formatter components are exposed for in-place troubleshooting. 


Accessibility is shown in Figure 5-1. 
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Figure 5-1. Formatter with Top Cover Removed and Circuit Boards Partially Extended 
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5.3.1 CIRCUIT BOARD REMOVAL 


The NRZI Control board is removed through the front by using the nylon card extractors attached 
to either side of the board. The other boards (CRC Generator, Delay Counter, and Clock Generator) 
are plugged into the major assembly board and secured with 4-40 screws. 


When reinserting any circuit board, make sure it is seated firmly into the appropriate connector. 


POWER SHOULD BE TURNED OFF PRIOR 
TO REMOVING OR REPLACING ANY CIR- 
CUIT BOARD. 


5.3.2 REFERENCE DESIGNATIONS 


All components are clearly identified, and an alphanumeric grid system is used as reference 
designations to identify chip locations. The alphabet characters read from left to right (as viewed 


from the front) and the numerical characters read from front to back as shown in Figure 5-2. 


5.3.3 FUSES 


Always ensure that fuse replacements are the same type, voltage, and current ratings as those 
being removed. This can normally be verified by the placard located adjacent to the fuse recep- 


tacles (ref. figure 2-1); however, the following caution must be observed. 


SINCE THE SOURCE-POWER CONFIGURA- 
TION MAY HAVE BEEN CHANGED IN THE 
FIELD WITHOUT CHANGING THE PLACARD, 
CHECK THE POWER SUPPLY CONFIGURA- 
TION AND APPROPRIATE FUSE AGAINST 
THE POWER SUPPLY SCHEMATIC IN AP- 
PENDIX CIF ANY REPEATED POWER SUPPLY 
PROBLEM (SUCH AS REPEATED FUSE 
FAILURES) OCCURS. 


If a fuse fails, WANGCO recommends the cause of fuse failure be determined and corrected before 
replacing the failed fuse. 


5-3 


WAN-0097-001 


CRC 
GENERATOR 
CONTROL BOARD 


SPEED 


CLOCK CHIP 


GENERATOR 
DELAY BOARD 


NUMBERED 
COORDINATES 
FOR INTEGRATED 


LETTERED 
COORDINATES 
FOR INTEGRATED 


CIRCUITS wi 
% 2 CIRCUITS 
a ate ar : (0 THROUGH 13) 

NOTES 
i Letters |, O, and O are not used. 

2. Discrete components on CRC Generator Board are in 300 series. 
3. Discrete components on Clock Generator Board are in 400 series. 
4. Discrete components on Delay Counter Board are in 500 series. 
5 Discrete components on Control Board are in 600 series except 


for Tape Unit termination resistors which are in 700 series, and 
front panel components (lamps and switches) which are in unit 
series (e.g. S1 and DS1). 


Figure 5-2. Formatter Circuit Boards and Component Locations (Except Power Supply) 
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SECTION 6 
LOGIC DATA 
6.1 GENERAL 


This section contains all data essential to the logic functions of the WANGCO Model 511 NRZI 


Formatter as described in this manual. The information is presented in the following sequence: 


A. Glossary of Terms 
B. Integrated Circuit Reference Data 
C. Description of Logic and Symbols 


6.2 GLOSSARY OF TERMS 
Table 6-1 lists a complete and comprehensive glossary of terms for the NRZI Formatter and 
defines, in alphabetical order, the various abbreviations, acronyms, and other mnemonics used 


throughout this manual. 


6.3 INTEGRATED CIRCUIT DATA 


Table 6-2 lists integrated circuit chip reference designations and corresponding WANGCO part 
numbers. 


Table 6-3 lists the applicable WANGCO part number of each integrated circuit used on the NRZI 
Formatter, together with the manufacturer's technical reference data. 


6.4 DESCRIPTION OF LOGIC AND SYMBOLS 


DTL and TTL logic of the typical inverting type (NAND—NOR) rather than (AND—OR) is used, 
though some AND—OR elements are employed. Although the same device may be used to 
implement both the NAND and the NOR function, the syrrbols shown on the logic schematics 
correspond to the particular functional operation. 
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TABLE 6-1. NRZI Formatter Glossary of Terms (continued) 


Definition 


ADDR 
AS1 & AS2 


Formatter Addressed 
Activity Sense 1 & 2 


. BOT Beginning of Tape 


BSR Backspace Record 

BO-B7 Write Data Input from Computer Adapter 
CBP, CBO—CB7 Write Data Storage Buffer 

CC 1, 2,4 Character Counter 1, 2, 4 

CD Core Dump : 

CK WD CNT Check Word Count 

CLK 180 KHz Clock to Computer Adapter 
CLKS State Counter Clock 

CLR Clear Command Storage 


CRC P, 0-7 CRCC Register 


DBY | Data Busy 


DATA FLAG Data Transfer Request Flag 

DDI Data Density Indicator 

DDS Data Density Select 

DFCL Data Flag Clock 

DGATE Read Data Gate 

DP, DO—7 _ Read Buffer Outputs 

DS Data Strobe 

DSO Rest State of State Counter 
DS1-—-DS7 State Counter Inputs 

EBCC Enable Blank Character Counter 
EDIT Edit Mode 

ENCRC Enable CRCC 

ENC End Delay Period 

EOT End of Tape 

EOTS End of Tape Status 

EWDR Enable Write Data Requests 
EXITS3 Exit State 3 

EXTRESET External Reset from Computer Adapter 


EXTRJCT External Reject Command from Computer Adapter 


TABLE 6-1. NRZI Formatter Glossary of Terms (continued) 


Formatter Address 
File Mark Status 
File Mark Code Detected 


FAD1 
FM 
FM DET 


FPT File Protect 
F200 200 BPI Selected 
F556 556 BPI Selected 


F800 800 BPI Selected 


GEN ODD PARITY 


Generate Odd Parity 


HALT 
HI DENSITY 


Halt Data Transfer Requests 
Select Density 


LDP 
LER 
LP, LO—7 


Load Point 
LRCC Error 
LRCC Register 


M1—M128 


Delay Counter Outputs 


OFFC 
OFLC 
ON LINE 
OVW 


Offline Command to Tape Unit 
Offline Command Storage 
Tape Unit is On Line 
Overwrite to Tape Unit (Same as Edit) 


PARITYER 
POR 


Parity Error 
Power On Reset 


RCAS Read Clock Activity Sense 


RCC Read Command 

RDP—RD7 Read Data from Tape Unit 
RDS Read Data Strobe 

ROY Tape Unit Ready 

REJECT Command Rejected Status 
REW Rewind Command Storage 
REWINDING Tape Unit Rewinding Status 
RJCT Command Rejected Pulse 


RSTCNTR Reset Delay Counter 
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TABLE 6-1. NRZI Formatter Glossary of Terms (continued) 


RST STOP 
RSTR 
RSTROBE 
RW 

RWC 

RWDG 

RP, RO-7 


SELECT A-D 
SETCLR 
SETFSR 
SETGAP 
SETOFL 
SET PE 
SETRCC 
SETREV 
SETREW 
SETRJCT 
SETWCC 
SETWEM 
SFC 
SINGLE 
SPDCLK 
SRC 

SRS 

SS 

STOP 
STOPSPACE 
STROBEC 
SWS 

S1-7 
S1*,S2* 

S1, $2, $4, $8, S16 


Definition 


Reset STOP Flip-Flop 

Read Strobe from Formatter to Computer Adapter 
Read Strobe from Tape Unit to Computer Adapter 
Rewind Command Storage 

Rewind Command to Tape Unit 

Rewinding Status 

Read Data Bits P, O—7 to Computer Adapter 


Tape Unit Select Lines 

Clear Command from Computer Adapter 
Forward Space Record from Computer Adapter 
Erase Command from Computer Adapter 
Offline Command from Computer Adapter 

Set Parity Error 

Read Command from Computer Adapter 
Reverse Command from Computer Adapter 
Rewind Command from Computer Adapter 
Command Requiring Write Current 

Write Command from Computer Adapter 

Write File Mark Command from Computer Adapter 
Synchronous Forward Command to Tape Unit 
Single Gap Head Status from Tape Unit 

Speed Clock 

Synchronous Reverse Command to Tape Unit 
System Reset Pulse , 
Single Stack Head 

STOP Delay Counter 

Stop Spacing (Forward or Reverse) 

Command Strobe 

Set Write Status 

State Counter 

Tape Unit Select Lines from Computer Adapter 
Encoded Outputs from Speed Chip 


TABLE 6-1. NRZI Formatter Glossary of Terms (concluded) 


Definition 


THR] 
THR2 
TMER 


TM1, TM2, TM4 


TRD 
TUO--TU3 


VLD 
VPE 


WARS 
wcc 
WCLK 


WCLP 
WDP-WD7 
WDS 

WFM 
W/RACK 
WRMSB 
WRP 


Ist CH 
2nd CH 
7TRK 
7EV 
7ODD 
9TRK 


Threshold 1 (High) 
Threshold 2 (Low) 


Data Transfer Timing Error Status 
Speed Clock divide by 5 Flip-Flops 


Test Read 


Decoded Tape Unit Select Lines 


Valid Pulse 
Vertical Parity Error 


Write Amplifiers Reset 
Write Command 

Write Clock 

Write Clock Pulse 

Write Data to Tape Unit 
Write Data Strobe 

Write File Mark 
Write/Read Acknowledge 
Write Most Significant Byte 
Write Precede Pulse 


ist Character 

2nd Character 

7 Track Tape Unit 

7 Track - Even Parity Mode 
7 Track - Odd Parity Mode 
9 Track Tape Unit 


6-5 


TABLE 6-2. Integrated Circuit Reference Designation 
Versus WANGCO Part Number (continued) 


Reference _ Wangco Integrated Reference _Wangco Integrated Reference _Wangco Integrated 
Designation, Circuit Part No. Designation@) Circuit Part No. Designation) Circuit Part No. 


100085 100349 100085 


100085 100084 
Spare 100329 N/A 
100332 101014 N/A 
Spare 100329 100427 
100085 100347 100336 
100084 100336 100336 
100331 100341 
100336 100339 
100336 100107 
100329 100329 
100426 100336 
100107 
100329 
100329 Spare 
101014 Spare 
101014 100347 
100336 N/A 100331 
100085 N/A 100084 
N/A N/A 100340 
100085 100340 
101014 100341 
101014 100339 
100426 100085 
101014 100085 
100339 100336 100085 
100348 100107 
100107 100339 
100329 100085 
100336 100336 
@ N/A 
100332 100336 
100085 100346 100085 
100085 100346 100341 
N/A 101014 100341 
N/A 100336 
N/A 100341 
100339 101014 
100341 Spare 
100339 100085 
100335 100085 
100331 101014 
100349 100329 100329 
100349 100085 100107 


190085 100084 100340 
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TABLE 6-2. Integrated Circuit Reference Designation 
Versus WANGCO Part Number (concluded) 


Reference _ Wangco Integrated Reference angco Integrated Reference _Wangco Integrated 
Designation) Circuit Part No. Designation@) Circuit Part No. Designatior() Circuit Part No. 


100329 100335 100339 
100085 100340 100339 
100341 100336 100339 
100341 100336 100348 
100336 101014 
100336 101014 
101014 101014 
101014 101014 
101014 Spare 100327 
100085 100085 
100107 100084 
100339 100348 Spare 
100425 100085 Spare 
100085 100329 100329 
100085 100348 100085 
100087 100332 100085 
100087 100341 N/A 
100087 100340 N/A 
100340 N/A 
Spare 100339 
100348 100427 
100329 100335 
101014 Spare 100084 
100332 N/A 
100085 100349 
100107 100329 100327 


Reference designations used on Logic Diagrams, Assembly Drawings, and Material Lists. 
Delay Counter to Control Board Connector (1 of 2; see E1). 

CRC Generator to Control Board Connector (1 of 2; see E10). 

Clock Generator to Control Board Connector. 

Delay Counter to Control Board Connector (1 of 2; see C1). 

CRC Generator to Control Board Connector (1 of 2; see C10). 

Speed Chip P/N determined by Tape Unit Speed. 


QOHOOOO 
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TABLE 6-3. Integrated Circuit Reference Data (continued) 


WANGCO P/N: 100084 
COMMERCIAL EQUIVALENT: 15836N 
TITLE: HEX INVERTER (DTL) 
SYMBOL: EQUATION: PACKAGE: 


BoA 


BaaA 


WANGCO P/N: 100085 
COMMERCIAL EQUIVALENT: 15846N 
TITLE: QUAD 2-INPUT NAND (DTL) 


SYMBOL: EQUATION: PACKAGE: 


WANGCO P/N: 100087 
COMMERCIAL EQUIVALENT: 151804N 
TITLE: 10-INPUT NAND (DTL) 


SYMBOL: EQUATION: PACKAGE: 


Pp L = A-BC-D-E-F-G-H-J-K 


WANGCO P/N: 100107 
COMMERCIAL EQUIVALENT: 15862N 
TITLE: TRIPLE 3-INPUT NAND (DTL) 


RURonwraoag» 


SYMBOL: EQUATION: PACKAGE: 
A 
B 
c 
= ae 


G = A-B-C 


c 
or 
c 


TABLE 6-3. Integrated Circuit Reference Data (continued) 


EQUATION: PACKAGE: 


WANGCO P/N: 100329 
COMMERCIAL EQUIVALENT: 7402N 
TITLE: QUAD 2-INPUT NOR (TTL) 


SYMBOL: EQUATION: PACKAGE: 


: 7406N 
UFFER (TTL) (OC) 


EQUATION: PACKAGE: 
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TABLE 6-3. Integrated Circuit Reference Data (continued) 


WANGCO P/N: 100332 
COMMERCIAL EQUIVALENT: 7408N 
TITLE: QUAD 2-INPUT AND (TTL) 


SYMBOL: EQUATION: PACKAGE: 


WANGCO P/N: 100335 
COMMERCIAL EQUIVALENT: 7437N 
TITLE: QUAD 2-INPUT NAND BUFFER (TTL) 


SYMBOL: EQUATION: PACKAGE: 


WANGCO P/N: 100336 
COMMERCIAL EQUIVALENT: 7438N 
TITLE: QUAD 2-INPUT NAND BUFFER (OC) (TTL) 


SYMBOL: EQUATION: PACKAGE: 
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TABLE 6-3. Integrated Circuit Reference Data (continued) 


WANGCO P/N: 100339 
COMMERCIAL EQUIVALENT: 7474N 
TITLE: DUAL D-TYPE FLIP-FLOP (TTL) 


SYMBOL: FUNCTION TABLE: PACKAGE: 


SuTPUTS 


x 
x 
x 
t 
t 
E 


HIGH LEVEL (STEADY STATE) 

LOW LEVEL (STEADY STATE) 
IRRELEVANT 

TRANSITION FROM LOW TO HIGH LEVEL 
THE LEVEL OF Q BEFORE THE INDICATED 
INPUT CONDITIONS WERE ESTABLISHED. 


“on eon 


Bee = 


THIS CONFIGURATION IS NONSTABLE; THAT 
IS, IT WILL NOT PERSIST WHEN PRESET AND 
CLEAR INPUTS RETURN TO THEIR INACTIVE 
(HIGH) LEVEL. 
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TABLE 6-3. Integrated Circuit Reference Data (continued) 


WANGCO P/N: 100340 
COMMERCIAL EQUIVALENT: 7475N 
TITLE: QUAD BI-STABLE LATCH (TTL) 


SYMBOL: FUNCTION TABLE: PACKAGE: 
(EACH LATCH) 


H = HIGH LEVEL 
L = LOW LEVEL 
X = IRRELEVANT 
Qp = THE LEVEL OF O BEFORE 
THE HIGH TO LOW TRANSITION OF G. 


DESCRIPTION: INFORMATION PRESENT AT A DATA (D) INPUT ARE TRANSFERRA ED TO THE Q OUTPUT 
WHEN THE ENABLE (G) IS HIGH AND THE Q OUTPUT WILL FOLLOW THE DATA INPUT 
AS LONG AS THE ENABLE REMAINS HIGH. WHEN THE ENABLE GOES LOW, THE iN- 


FORMATION (THAT WAS PRESENT AT THE DATA INPUT AT THE TIME THE TRANS- 


ITION OCCURRED) IS RETAINED AT THE Q OUTPUT UNTIL THE ENABLE IS PERMITTED 
TO GO HIGH. 


WANGCO P/N: 100341 
COMMERCIAL EQUIVALENT: 7486N 
TITLE: QUAD 2-INPUT EXCLUSIVE OR GATES 


SYMBOL: EQuaTion: PACKAGE: 


C=A@B 
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TABLE 6-3. Integrated Circuit Reference Data (continued) 


RCIAL EQUIVALENT: 82918 
HI-SPEED BINARY COUNTER (TTL) PACKAGE: 
SYMBOL: DATA INPUTS 
i, CLOCK 
Veg CLEAR Qn «©=D CUB Cg 
CLOCK 1 
(COUNTER) 
CLOCK 2 
OR 
DATA 
STROBE COUNT/ QO Cc A Q, CLOCK GND 
LOAD Second 2 
DATA INPUTS 
(STORAGE 
REGISTER) 


BINARY 


wut | @q | 9 | | 99 
ie) 0 0 0 


RESET 


DESCRIPTION 


THIS HIGH-SPEED MONOLITHIC COUNTER CONSISTS OF 
FOUR D-C COUPLED, MASTER-SLAVE FLIP-FLOPS WHICH 
ARE INTERNALLY INTERCONNECTED TO PROVIDE A 
DIVIDE-BY-TWO AND A DIVIDE-BY-EIGHT COUNTER. 
THE COUNTER IS FULLY PROGRAMMABLE; THAT IS, 
THE OUTPUTS MAY BE PRESET TO ANY STATE BY 
PLACING A LOW ON THE COUNT/LOAD INPUT AND EN- 
TERING THE DESIRED DATA AT THE DATA INPUTS. 
THE OUTPUTS WILL CHANGE TO AGREE WITH THE 
DATA INPUTS INDEPENDENT OF THE STATE OF THE 
CLOCKS. 


DURING THE COUNT OPERATION, TRANSFER OF 
INFORMATION TO THE OUTPUTS OCCURS ON THE 
NEGATIVE-GOING EDGE OF THE CLOCK PULSE. THE 
COUNTER FEATURES A DIRECT CLEAR WHICH, WHEN 
TAKEN LOW, SETS ALL OUTPUTS LOW REGARDLESS 
OF THE STATES OF THE CLOCKS. 


THE COUNTER MAY ALSO BE USED AS A 4-BiT LATCH 
BY USING THE COUNT/LOAD INPUT AS THE STROBE 
AND ENTERING DATA AT THE DATA INPUTS. THE 
OUTPUTS WILL DIRECTLY FOLLOW THE DATA INPUTS 
WHEN THE COUNT/LOAD IS LOW, BUT WILL REMAIN 
UNCHANGED WHEN THE COUNT/LOAD IS HIGH AND 
THE CLOCK INPUTS ARE INACTIVE. 


oon oak wn = 


10 


a a ey 
& |W NH — 
re a ee 2 = 2 ~ =) 


= 
o 
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TABLE 6-3. Integrated Circuit Reference Data (continued) 


WANGCO P/N 100347 
COMMERCIAL EQUIVALENT: SP380A 
TITLE: QUAD 2-INPUT NOR 


SYMBOL: EQUATION: PACKAGE: 


C=A-B 


NOTE: THIS DEVICE IS SELECTED FOR ITS HIGH NOISE IMMUNITY PROPERTIES. 


ENT: 930N 
ATE WITH EXPANDER (DTL) 


EQUATION: PACKAGE: 


E=-A+B+C+B 


oo a > oO Oo wD yp 
m 
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TABLE 6-3. Integrated Circuit Reference Data (continued) 


WANGCO P/N: 100425 
COMMERCIAL EQUIVALENT: 7476N 
TITLE: DUAL J-K FF WITH PRESET AND CLEAR (TTL) 


SYMBOL: PACKAGE: 


FUNCTION TABLE: 


TOGGLE 


H = HIGH LEVEL (STEADY STATE) 
L = LOW LEVEL (STEADY STATE) 
X = IRRELEVANT 


PS i ea | HIGH LEVEL PULSE; DATA INPUTS SHOULD BE HELD CONSTANT WHILE CLOCK IS HIGH; DATA ARE 
TRANSFERRED TO OUTPUT ON THE FALLING EDGE OF THE PULSE 


Q = THE LEVEL OF OQ BEFORE THE INDICATED INPUT CONDITIONS WERE ESTABLISHED. 


TOGGLE = EACH OUTPUT CHANGES TO THE COMPLEMENT OF ITS PREVIOUS LEVEL ON EACH 
ACTIVE TRANSITION (PULSE) OF THE CLOCK. 


TABLE 6-3. Integrated Circuit Reference Data (continued) 


PACKAGE: 


A 
B 
Cc 
D 
A 
B 
c 
i) 


ENT: 7430N 
ATE (TTL) 


SYMBOL: EQUATION: PACKAGE: 
J=A-B-C-D-E-F-G-eH 


J 


raNMOOWyp 
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TABLE 6-3. Integrated Circuit Reference Data (concluded) 


NT: 74107N 
TITLE: DU -FLOP (TTL) 


SYMBOL: PACKAGE: 


sek 
L 


x 


H = HIGH LEVEL (STEADY STATE) 

L = LOW LEVEL (STEADY STATE) 

X = IRRELEVANT 

_STOL. = HIGH LEVEL PULSE; DATA INPUTS SHOULD BE HELD CONSTANT WHILE CLOCK IS HIGH; 
DATA ARE TRANSFERRED TO OUTPUT ON THE FALLING EDGE OF THE PULSE. ~ 

Qy "THE LEVEL OF Q BEFORE THE INDICATED INPUT CONDITIONS WERE ESTABLISHED. 


TOGGLE = EACH OUTPUT CHANGES TO THE COMPLEMENT OF ITS PREVIOUS LEVEL ON EACH 
ACTIVE TRANSITION (PULSE) OF THE CLOCK. 


In the logic schematics, the input/output lines to each device are shown for the TRUE (active) 
state of the function. A state indicator, shown as a small circle at the input or output of a device, 
signifies that, if that line is in the TRUE state, it is at a zero-Volt potential (low). Lack of a state 
indicator signifies that, if that line is in the TRUE state, it is at +5 Volts (high). Figure 6-1 shows 
an example of a logic symbol with definitions to provide clarification. The symbol depicts a 
logical NOR element which represents that output D at pin 4 is at +5 Volts if either input A at 
pin 1, B at pin 2, or C at pin 3 is at zero Volt. The numbers within the arrowheads indicate the 
source or destination of the related signal by logic schematic page number. An arrowhead placed 
adjacent to a signal line indicates a connection at that point. The logic schematic page number 


is enclosed by a hexagon in the lower right corner of each page. 


REFERENCE DESIGNATION 


000 
000 


LOGIC SYMBOL LOGIC EQUATION 


Figure 6-1. Logic Symbol Example 


APPENDIX A 


SPARE PARTS 


A-1. RECOMMENDATIONS 


The recommended spare parts for the WANGCO NRZI Formatter and Power Supply are listed 
in Master Spare Parts List 202176. 


A-2. COMPONENT VARIANCE 


For resistors, capacitors, small hardware, and other items not included in the list, equivalents in 


type, value, size, tolerance, and quality may be substituted. 


A-3. INTEGRATED CIRCUITS 


Y 
For integrated circuits where the manufacturer is not specifically listed, any manufacturer's 


device of the specific type may be used. 
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APPENDIX B 
ASSEMBLY DRAWINGS 


B-1 ASSEMBLY DRAWINGS 


This appendix contains the assembly drawings and material lists for all assemblies and subassemblies 
in the Model 511 NRZI Formatter. These documents are identified in the Index, page B-3. Logic 
schematics and electrical information for the power supply and MTU cable are provided in 
Appendix C. 


The assembly drawings identify every part on any given assembly or subassembly. Parts are 
identified either by item number (e.g., 1,2,3, etc.) or by circuit reference number (e.g., R1, C1, 
U1, etc.). The associated material lists incorporate these identification numbers, together with 
the part description, WANGCO part number, and part quantity (i.e., the quantity of a particular 
part required for the given assembly). 


B-2 SPEED CHIP 
Speed Chip (speed control PWB Assembly Drawing 201301 is for the 25 ips configuration. The 
Speed Chip numbers applicable to other (optional) tape speeds are listed in Table B-1, and the 


description of other options are located in Section 4 of this manual. 


TABLE B-1. Speed Chips for Standard Tape Speeds 


201310 


Speed Chip P/N 


201298 12.5 
201301 25 
201304 37.5 
201307 45 


Tape Speed (ips) 
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This appendix contains the circuit schematics and the wiring diagrams for all assemblies and sub- 
assemblies in the Model 511 NRZI Formatter. 


The circuit schematics are complete representations of the electronic circuitry. The user of this 
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